




Digitized by the Internet Archive

in 2010 with funding from

University of Toronto

http://www.archive.org/details/chemicalage13newy





hi
-^

The Chemical Engineer
/'/.'/^

A Monthly Journal of Practical, Applied and Analytical Chemistry

VOLUMES XIII AND XIV

January—December, 1911

\^M \

y^

The Chemical [Engineer
537 S. Dearborn Street

CHICAGO, ILL.



rp I IN D E x:
Volumes XIII—XIV—January—December, 1911

Subject Index
Acid, Formic, Determination of 335
Air Compressor, Turbine Device 232
Alcohol, Ethyl, Determination of 335
Alcohol, Methyl, Determination of 335
Alkali, Ammonia, Manufacture of in England 100

Alloys 397
Alloys, Aluminum, Deoxidizing with Magnesium 75
Alloys, Antimony in 198

Alloys, Titanium, in Iron and Steel 257
Aluminum Alloys. Magnesium for Deoxidizing 75
Aluminum, Laboratory Production of 291

Aluminum Manufacture, History of 95

Amalgamating Gold Ores, Electrolytic System 190

Ay.ierican Chemical Society, 43rd Meeting of 41
American Chemical Society. 45th Meeting 487
American Institute of Chemical Engineers. 4th Annual

Meeting 488
Annnonia Alkali, Manufacture of in England 100

Ammonia, Sulphate, Direct Manufacture Ill

Ammonia, Recovery, Concentration and Testing of 456
Ammonium Sulphate, Determination of 346
Annealing Malleable Castings 208
Anthracite Coal, Value of Determining B. T. U 351
Antimony in Alloys, Volumetric Method for 198

Arrhenius, Svante August 216
Asphalt, Two Methods of Testing 427

Atmospheric Nitrogen, Fixation of 453
Barile 43
Barytes 43
Benzol, Recovery from Coke Oven Gases 448
Bergenport Chemical Works, Power Plant at 50

Blast Furnace Bloiving, Turbine Driven Air Compressor 232
Blast Furnace Slag, for Manufacture of Portland Cement 324
Bleaching, Cotton, Iinprovement in 282
Bleaching Solutions, .Analysis 67

Bleach Plant .Analysis 67
Brass Foundry Products, Conversion of 277
Brass, Heat Treatment of 21
Brick Work, Eftl.orescence on 485
Briquetting Iron Ores 36
Briquetling Lignite Coal 220
Briquetting, Schumacher and Ronay Processes of 123

Bureau of Standards. Control of Thermal Operations by. 263
California Crude Oils, Producer Gas From 452
Calorimeter, Doherty Gas 54
Calorimetry, Fuel, Accuracy in 147

Calorimetry. Gas 46
Camphor Industry 64
Carborundum for Special Steels 511

Caoutchouc, Synthetic Review of Literature of 355
Caramel, Colorimetric Test for 475
Carburetted Water Gas Machines. Use of Pyrometer in.. 131

Carbon Dioxide Recorder. Sarco 62
Carbon, Transformation Into Graphite 400

Case Hardening Steel 520
Castings. Gray Iron. Hardening 126

Carbon Dioxide, Saving Heat in Manufacture of 155

Castings, Malleable, Annealing 208
Castings, Steel, from Electric Furnace 3.32

Castings, Steel, Stock Process for 418
Centrifugal Process of Zinc-Casting 47
Cerium, Metallic 513
Checking Results, Method for 432
Chemical Engineering. Balance of Courses in 439
Chemical Engineers. The Training of 1

Chemical I^orks, Bergenport 56
Chemical IP'ork. Electric Furnace for 153
Chemist. Debt of Manufacturer to 307
Chemist, Development of as an Engineer 8
Chemist, Metallurgical, Opportunities of 35
Chemist. Railroad 219
Chemistry, Earning Power of 366
Chemistry, Relation Between It and Manufacture 90
Chemists. Duncan Industrial Fellowships for 91

Coal and Coke. Sulphur Determination in 27
Coal, Anthracite, Value of Determining B, T. U .351

Coal Combustion Recorder 376
Coal, Determining Sulphur in 287
Coal. Lignite, Economic Utilization of 220
Coal. Preparation of for the Market 308
Coal, Proximate Analysis of. 483
Coal. Purchase of on an Elfficiency Basis 109

Coal, Volatile Matter of 42
Cobaltic-Nitritc Method for Determination of Potassium 388
Coke in Foundry Smelting 12

Coke Oven Gas as Open Hearth Fuel 411

Combustion, Coal, Recorder
Combustion, Efficiency in Fuel
Compressor, Turbine Driven for Blast Furnace Blowing
Conservation of Metal Resources
Converter, Tropenas
Cotton Bleaching. Improvements in

Copper, Electrolytic Process
Copper, New Reaction for

Corrosion of Brass Foundry Products
C. P. Hydrochloric Acid. \Ianufacture of
Creosote, Testing of
Cuban Iron Ore Deposits, Exploration of
Cupola Melting, Economy in

Cupola, Modern Practice
Cyanide Process, Clancy Electrochemical
DcflocculatioH
Deoxidizing .\himinuni Alloys with Magnesium
Distillation, Differential

Doherty Gas Calorimeter
Education. Technical
Efflorescence on Brick Work
Electrical Precipitation of Suspended Particles
Electric Furnace for Nickel Ore
Electric Furnace, Direct Production of Molybdenum

Steel in

Electric Furnaces, Condensation of Zinc Vapor from....
Electric Furnace with Ductile Tungsten Heating Element
Electric Furnace for Iron and Steel

Electric Furnace for Heating Bars and Billets

Electric Furnace, Heroult
Paragon
Reliability for Chemical Work
Steel Castings from
Tj'pes of
for Zinc Smelting
Zinc Lead Ores

Electric Furnace,
Electric Furnace,
Electric Furnace,
Electric Furnace.
Electric Furnace
Electric Smelting.
Electrochemical Cyanide Process, Clancy
Electrode Arc Process for Refining Steel

Electrolytic Cell. Whiting
Electrolytic Furnace, Method for Producing Metals.
Electrolytic Iron
Electrolytic Lead Refining
Electrolytic System of ."Xmalgamating Gold Ores...
Engineering School Graduates
Engineer. Development of Chemist as
Engineers. Work of in Gas Industry
Escka Method. Modification of
Essential Oil. Estimation of
Ethyl Alcohol. Determination of
Exhausters. Water Jet
Extractor. Continuous Liquid
Factory Building. Two Problems of
Fat Extraction Apparatus, Knorr, Improvements in.

Flue Dust Briquetting
Fluorescent Test for Mineral Oils
Formaldehyde, Assay of
Formic Acid. Determination of
Foundry. Coke in Smelting
Fuel Calorimetry. .'\ccuracy in

Fuel, Coke Oven Gas
Fuel Combustion, Efficiency in

Fuel Oil, Specifications for Purchase of
Furnace Blowers, Turbine Driven, Tests of
Furnace Gases. Sampling and Analysis of
Furnace. Heroult Electric

Furnace. High Pressure Gas for
Fur)taccs. Open Hearth, Small
Furnace, Open He.irth, Pure Irons from
Furnace. Paragon Electric

Furnace Walls. Flow of Heat Through
Fusions
Fusing. Method of
Galvanized Iron. Testing
Galvanizing Wire in Zinc Dust
Gas. Blast Furnace, Use
Gas Calorimetry
Gas Calorimeter. Doherty
Gas. Coke Oven as Open Hearth Fuel
Gases. Furnace. Sampling and Analysis of
Gas. t'.volvcd. .Apparatus for Measurement of
Gas. High Pressure, .application of Furnace Use....
Gas, High Pressure for Industrial Purposes
Gas Industry. Work of Engineers in

Gas Machines, Carburetted Waters, Pyrometer in...

Gas, Natural. Prevention of Waste
Gasoline. Extraction from Natural Gas

376
17

232
193
298
282
516
27
277
461

338
186
168

409
160
500
75

281
54
175

485
423
518

466
209
465
250
299
118
80
153

332
250
255
510
160
406
103
158

82
29
190

175

8
319
27

431
335
16

430
373
145
123
509
503
335
12

147

411
17

429
295
475
118

205
415
330
80

374
197

197
201

395
514
46
54

411
475
430
205
60

319
131

204
396



Gas Plants, Recovery of Ammonia from 456
Gas Pressures, Measurement of Small 442
Gas Producer, Chemical Study of a 142
Gas, Producer Engine Plant, Elimination of Loss in.... 237
Gas, Producer, Factors in Formation of 231
Gas Producer, Hilger Revolving Grate Gas 157
German Silver, Nickel-Zinc Separation in 249
Gibbs, Josiah Willard 217
Glue, Sensitive Reaction of 27
Glycerine, Commercial Position of 334
Glycerol, Determination of 248
Gold Ores, Amalgamating, Electrolytic System 190
Graphite, Transformation of Carbon into 400
Gray Iron Castings, Hardening 126
Heat, Flow of Through Furnace Walls 374
Hcronlt, Electric Furnace of Illinois Steel Co 118
High Pressure Gas, Application for Furnace Use 205
High Pressure Gas for Industrial Purposes 60
Hilger Revolving Grate Gas Producer 157
India Rubber Industry 267
Iron and Steel, Electric Furnace for 250
Iron and Steel, Vanadium in 243
Iron, Electrolytic 82
Iron, Galvanized, Testing 201
Iron in Laboratory Samples 380
Iron Ores, Briquetting of 36
Iron Ore, Cuban 186
Iron Ore, Schumacher and Ronav Processes of Briquet-

ting
.'

123
Iron Plants,- Pig Iron Mixers in 381
Irons, Pure from Open Hearth Furnace 330
Iron, Titanium Alloys in 257
Iron, Titanium in 327
Iron, Titanium in 420
Iron, World's Supply of 5
Knorr Fat E.xtraction Apparatus, Improvements in 145
Laboratories, Technical School Function of 365
Laboratory Production of Aluminum 291
Laboratry Samples, Contamination of 380
Lactic Acid, Apparatus for Extraction of 430
Lead Refining, Electrolytic 29
Lime. Rapid Determination of 247
Liquid Extraction, Continuous 430
Lignite Coal, Economic Utilization of 220
Magnesite, Indian Industry in 10
Magnesium in Deoxidizing Aluminum Alloys 75
Malleable Castings, Annealing 2^8
Manganese Bronze, Analysis of 421
Manganese, Determination by Sodium Bismuthate Method 199

Manufacturer. Debt to Chemist 307
Manufacture, Relation of to Chemistry 90
Manufacturing Wastes, Pollution of Streams by 377
Materials, Reliability of 275
Mechanical Handling of Materials 240
Melting, Cupola. Economy in 168
Mercury, Volumetric Determination of 473
Melal Coating, New Method of 74
Metallic Cerium 513
Metallography, Industrial Importance of 295
Metallurgical Chemist, Opportunities of 35
Metallurgy of Platinum 425
Metals. Production of Electrolytic Method 158
Metal Resources, Conservation of 193
Methyl Alcohrl. Determination of 335
Mineral Oils, Fluorescent Test 509
Molybdenenum Steel, Direct Production in Electric Fur-

nace 466
Moritc Sulphuric .Acid Chambers 498
Natural Gas, Extraction of Gasoline from 396
Natural Gas, Prevention of Waste 204
Nickel in Steel, Determination of 288
Nickel Ore, Electric Furnace Treatment of 518
Nickel-Zinc Separation. .Method for 249
Nitrogen, Atmospheric, Fixation of 453
Notes and Comments

41. 43, 127, 171, 215, 261, 303, 349, 393, 433, 481, 525
Oil Adulterations, Deterniinmg 347
Oils, Paint 112
Oils, Essential, Extraction of 431
Oil, Use in Zinc Smelters 125
Open Hearth Furnace, Coke Oven Gas as Fuel 411
Open Hearth Furnaces, Small 415
Open Hearth Furnace, Pure Irons from 330
Open Hearth Furnace, Use of Blast Furnace Gas in 514
Ore, Exaniinatinn of Tin in 289
Ores, Gold, Electrolytic System of Amalgamating 190
Ores, Iron. Briquetting 36
Ores, Sampling. Element of Chance in 30
Oxygen, Pure. Method of Obtaining 274
Ozone, Action of on .\\r ,321

Paints, Development in Manufacture of 27.3

Paint Oils. Value of Certain 112
Paint I'eliiclcs. Experiments on 112
Paper. Basis of Quality in 87
Paper Making. Tests of Wood for fiR

Paragon Electric Furnace 80
Patents, Recent 84

Paten fs. Recent 128
Patents, Recent 305
Petroleum in San Joaquin Valley, Cal 489
Photometric Flame Standards, Corrections for 387
Pig Iron Mixers in Iron and Steel Plants 381
Plant, Chemicals, Process Tower Top 97
Platinum, Metallurgy of 425
Portland Cement, Alanufacture from Blast Furnace Slag 324
Potash Industry, German 405
Potash Salts Supplies 400
Potassium, Determination by Cobalti-Nitrite Method 388
Preece Test, Method to Replace 201
Process Tower Top Construction 97
Producer, Gas, Chemical Study of 142
Producer Gas Engine Plant, Losses in 237
Producer Gas, Factors in Formation of 231
Producer Gas from California Crude Oils 4.52

Producer, Hilger 1.57

Producer Gas in Steel Works 378
Pyrometers on Carburetted Water Gas Machines 1.31

Railroads, Chemists for 219
Razij Sugar Production, Chemistry of 179
Recorders, Coal Combustion 376
Refining, Sugar 228
Roasting Sulphides. Recent Progress in 468
Ronay Process of Briquetting 123
Rosin Oils, Fluorescent Test 509
Rubber, India, Industry 267
Samples, Laboratory. Contamination of 380
Sampling Ores, Element of Chance in 30
Sarco, Multiple CO: Recorder 62
Schumacher Process of Briquetting 123
Screens for Coal ,308

Slag, Blast Furnace in Manufacture of Portland Cement 324
Smelters, Zinc, Use of Oils in 125
Smelting, Foundry, Coke in 12
Smelting, Zinc, Electric Furnace for 255
Sodium Bismuthite Method for Determination of Man-

ganese" 199
Standards Photometric Flame, Corrections for .383

Steel, Case Hardening 620
Steel Castings from Electric Furnace 332
Steel Castings, Stock Process for 4'8
Steel, Determination of Nickel in 288
Steel, Molybdenum. Direct Production in Electric Fur-

nace 466
Steel Plants, Pig Iron Mixers in 381
Steel, Refining by Composite Electrode Arc Process 406
.Steel, Titanium in 420
Steel, Titanium in 257
Steel, Tool, High Speed 25
Steel IForks. Producer Gas in 378
Steels, Carborundum for 511
Stock Process for Steel Castings 418
Suction Producer, Chemical Study of 142
Sugar, Raw, Chemistry of 179
Sugar Refining 228
Sulphides, Roasting, Recent Progress in 463
Sulphate Ammonia, Direct Manufacture of Ill
Sulphuric Acid Chambers. Moritz 498
Sulphate of Ammonia, Details of Manufacture 490
Sulphur, Determination of in Coal Gas...' .346

,'iulphur. Determination in Coal and Coke 27
Sulphur, Determining in Coal 287
Sulphur, Volumetric Determination 26
Synthetic Caoutchouc. Review nf Literature of 3.55

Technical Education in Textile Industry 363
Technical School Laboratories 365
Temperature, Measurement of 68
Textile Industry. Technical Education in .363

Thermal Operations 263
Tin, I'"xamination of in an Ore 2^9
Titanium Alloys in Iron and Steel 257
Titanium, Benefit of in Iron 327
Titanium in Iron and Steel 420
Titration Method for Sulphur in Coal 287
Tool Steel. High Speed 25
Transite Construction 97
Tropenas Construction 298
Tungsten, .'\ssay Method for 426
Turbine Driven Furnace Blower Tests of 295
Vanadium in Iron and Steel. Colorimctric Method for.. 243
Varnish. Developments in Manufacture of 273
Volumetric Method for .Antimony in Alloys 198
JVashers, for Cleaning Coal 308
Water Gas Machines. Carburetted 131
Water Jet Exhausters 16
Water Purification Plants, Regulating Devices for 494
Water Softening. New Process for 435
Whiting Electrolytic Cell 103
Wire, Galvanizing in Zinc Dust ,395

Wood, Tests of for Paper Making fifi

Zinc Coaling. Centrifugal Process of 447
Zinc Dust for Galvanizing Wire 395
Zinc Lead Ores, Electric Smelting 510
Zinc Smellers, Use of Oil in 125
Zinc Smcltinq. Electric Furnace for 255



Author's Index

Acheson, Edward G. Deflocculation 500

Arson, W. C. Transformation of Other Forms of Car-
bon into Graphite 400

Atkinson, Fred VV. The Development of the Chemist
as an Engineer 8

Babcock, Earle J. Economic Utilization of Lignite Coal 220

Barrows, Frank E. Synthetic Cautchouc : A Review
Compiled from the Literature 355

Bcckman, John Woods. Electrolytic Furnace Methods
for Producing Metals 158

Bengotigh, G. D. Heat-Treatment of Brass 21

Benjamin, Charles H. Balance of Courses in Chemical
Engineering 459

Boughton, E. W. The Flourescent Test for Mineral and
Rosin Oils 509

Bowman, K. C. Direct Production of Molybdenum
Steel in Electric Furnace 466

Boyle, James J. Comparison of Methods for Deter-
mination of Nickel in Steel 288

Bradley, R. E. Convenient Methods for Checking Re-
sults 432

Bradley, Robert E. Bleach Plant Analysis 67
Bradley, Robert E. Volumetric Sulphur Determination 26
Brandt, IVm. Vane. High Speed Tool Steel 25

Brinton, Paul H. M. P. Determination of Manganese by
Sodium Bismuthate Method 199

Browne, Charles A. Chemistry of Raw Sugar Production 179

Bunnell, Sterling H. Problem in Saving Heat in Manu-
facture of Carbon Dioxide 155

Burgess, Charles F. Electrolytic Iron 82

Burgess, George K. Control of Thermal Operations and
the Bureau of Standards 263

Callnn, John G. Elimination of Sources of Loss in

Large Producer Gas Engine Plant 237

Campbell, Marius R. A. Plea for the Revision of the

Rules of the American Chemical Society Governing
the Proximate Analysis of Coal 483

Carey, Elmer Ellsworth. Electrolytic System of Amal-
gamating Gold Ores 190

Clancy, John Collins. Clancy Electrochemical Cyanide
Process 160

Clancy Electrochemical Cyanide Process 160

Cunningham, E. A. Titration Method for Determining
Sulphur in Coal 287

Cushman, Allerton S. Pure Irons from Open Hearth
Furnace 330

Cooper, G. Stanley. Direct Manufacture of Sulphate
of Ammonia Ill

Coste, J. H. Technical Gas Calorimetry . / 46
Cottrell, F. G. Electrical Precipitation of Suspended

Particles 423

Dains, H. M. The Indian Magnesite Industry 10

Dautsisen, C. Small Electric Furnace with Heating Ele-
ment of Ductile Tungsten or Ductile Molybdenum.. 4i)5

Devcns, Richard. Mechanical Handling of Materials.... 240
Dittus, E. T. Direct Production of Molybdenum Steel

in Electric Furnace 466

Divani, B. Assay Method for Tungsten 426
Eames, Charles H. Technical Education—Its Function

in Training for the Textile Industry 363
Ferguson, B. M. Chemical Study of 50 H. P. Suction

Producer 142

Fish, Walter C. Reliability of Materials 275
Fitcgerald, Francis A. Electric Furnace for Zinc Smelt-

ing 255
Elvove, Elias. A note on the ."Xssay of Formaldehyde... 503
Foucar, J. Louis. Differential Distillation 281
Franklin, Dr. Milton W. Fixation of Atmospheric Nitro-

gen 453
Frazer, J. C. IK. Apparatus and Methods for the Sam-

pling and Analysis of Furnace Gases 475
Gardener, Henry A. Value of Certain Paint Oils 112

Geibel, W. Metallurgy of Platinum 425
Gill, Augustus H. Coal Combustion Recorders 376
Greene, Albert E. Conservation of Metal Resources.... 193
Guillet, M. Leon. Recent Progress in the Roasting of

Sulphides 463
Hale, C. F. Calorimetric Test for Caramel 47o
Hale, C. F. Measurement of Very Small Gas Pressure 442
Hall, Dr. Chas. History of .'Muniinum Manufacture.... 95
Harden, J. Paragon Electric Furnace 80
Hayward, H. IV. Function of Technical School Labora-

tories 365
Heath, Chester S. Utility of Pyrometer on Carburetted

Water Gas Machines 131

Henderson, J. JV. Economy in Cupola Melting 168

Hirsch Alcan. Preparation and Properties of Metallic
Cerium 513

Hoffman, E. J. Apparatus and Methods for Sampling
and Analvsis of Furnace Gases 475

Home, W. D. Sugar Refining " 228
Howard, Charles D. Estimation of Essential Oils 431
Huber, James R. Analysis of Manganese Bronze 421
Hudson, O. F. Heat-Treatment of Brass 21

Huey, Ray S. Manufacture of Portland Cement from
Blast Furnace Slag 324

Huntley, G. Nevill. Accuracy Obtainable in Fuel Calor-
imetry 147

James, George A. Contamination of Laboratory Sam-
ples by Iron Derived from Crushing Machines 380

Jamieson, George S. Volumetric Method for Antimony
in Alloys 198

Kemp, James F. The Supply of Iron 1

Kinnian, H. B. Method for Rapid Determination of
Lime in Limestones, etc 247

Knoepet, John C. Modern Cupola Practice 409-

Kreisinger, Henry. Flow of Heat through Furnace Walls 374
Lane, H. M. Use of Magnesium in Dioxidizing Aluminum

Alloys 75
Little, Arthur D. Basis of Quality in Paper 87
Little, Arthur D. Earning Power of Chemistry 366
Louis, Prof. Henry. Preparation of Coal for the Market 308
Lyman, James. Electric Furnace for Manufacture of Iron

and Steel 250
Macgregor, Walter. Small Open Hearth Furnaces 415
Mason, William. Manufacture of Ammonia Alkali in

England 100
M'Cabe, Chas. R. Calorimetric Method for Vanadium in

Iron and Steel 243
M'Cabe, Chas. R. Modification of E^cha's Method for

Sulphur Determination 27
Miller, Warren H. Transite and Steel Tower Top Con-

struction 97
Miller, Warren H. Power Plant of Bergenport Chemical

Works 56
Morgan, R, J. Examination of Tin in an Ore 289
Morrison, Walter Leonard. Electric Furnace Treatment

of Nickel Ores 518
Onterbridge, Jr., Alexander E. New Method for Deter-

mining Oil Adulteration by Mineral or Resin Oil. . 347
Patrick. Walter A. Method of Testing Galvanized Iron

to Replace the Preece Test 201

Peckham, S. F. Practical Value of Determining B. T. U.
in Testing Anthracite Coal 351

Peckham, S. F. Two Methods of Testing Asphalt 427
Perkins, Frank C. Refining Steel from Bessemer Con-

verters by a Composite Electrode Arc Process 406
Pritham, H. C. Fusions 197

Probeck, Eugene. Report on Method of Determination
of Glycerol 248

Putnam, W. P. Annealing Malleable Castings 208
Ray, Walter T. Flow of Heat through Furnace Walls. .. 374
Rice. Richard H. Turbine Driven Air Compressor for

Blast Furnace Blowing 232
Richardson, H. K. Some Observations on Laboratory

Production of Aluminum 291
Royce. Frederick P. Work of Engineers in the Gas

Industry 319
Sage, C. Edward. The Testing of Creosote 338
Sang, Alfred. Galvanizing Wire in Zinc Dust 395
Sauveur, Albert. Metallography and Its Industrial Im-

portance 295
Schwars, C. De. Briquetting of Iron Ores 36
Schmidt, Eugene. Sensitive Reaction for Glue 27

Scott. Arthur P. Coke Oven Gas as an Open Hearth Fuel 411

Shedd, O. M. Volumetric Determination of Potassium
by the Cobalti-Nitrite Method 388

Skinner, Harvey J. Debt of the Manufacturers to the
Chemist 307

Slocum, Charles V. Titanium .-Mloys in Iron and Steel. . 257
Slocum, Charles V. Titanium and Its Benefit in Iron.... 327
Slocum, Charles V. Titanium in Iron and Steel 420
Smith, H. E. Chemist in the Service of the Railroad.... 219'

Smith, Carl E. Volumetric Determination of Mercury... 473
Sn\'der, Fred T. Reliability of Electric Furnace for

Chemical Work 153
Snyder, 1'. T. Condensation of Zinc Vapor from Electric

Furnaces 209
Spring, Im Verne W. Method for Nickel-Zinc Separa-

tion in German Silver and Other .Alloys 249
Talbot, Henry P. Engineering School Graduate; His

Strength and His Weakness 175
Troy. M. O. Action of Ozone on Air 321

Uhlenhuth, Dr. Rudolph. New Reaction for Copper 27
Von Baur, C. H. Steel Castings from Electric Furnace.. .332

Walker, A. F. Greaves. Efllorcscence on Brick Work... 485
Walker, Percv H. The Fluorescent Test for Mineral and

Rosin Oils 509
JValker, IVilliam H. Method of Testing Galvanized Iron

to Replace Preece Test 201

IVhitaker, M. C. The Training of Chemical Engineers. .. 1

Whiting, Jasper Whiting Electrolvtic Cell 103

Whitney, W. R. Alloys. . .

.' 397
Williams. Walter S. Improvements in Cotton Bleeding. . 282
Wilson, H. M. Efficiency in Fuel Combustion 17

Winnc. R. Small Electric Furnace with Heating Element
of Ductile Tungsten or Ductile Molybdenum 465

JVright, Lewis T. Element of Chance in Sampling Ores. 30



The Chemical Engineer
PUBLISHED MONTHLY

at 355 Dearborn Street, Chicago, Illinois

Vol. XIII. JANUARY, 191 1. Xo. I.

THE TRAINING OF CHEMICAL ENGI-
NEERS.-

By M. C. WHITAKER.

Much attention is properly being centered upon the

education of men in the scientific development and

management of agricultural production, and the Gov-

ernment not only gives direct financial support to a

large number of schools for such training, but also

maintains a Department of Agriculture, the function

of which is largely educational.

The annual production of the chemical industries

is almost equal in value to the agricultural production

of the country, and it is therefore proper to compare

the facilities now being provided and the means now
being adopted for the education of men to develop and

manage the widely diversified units of chemical man-

ufacture with the methods and facilities in other ed-

ucational fields. Obviously the general educational

and technical equipment of men to develop and direct

processes or works depending upon the applications

of chemistry, and usually involving a knowledge of

power and mechanical and electrical machinery, is

much greater than the technical equipment required

for men in agricultural production. While agricul-

tural education has grown and developed at a rate

commensurate with the producing power of that in-

dustry, and has been fostered by private, State and

Federal funds, education in the equally important and

essential field of chemical manufacture has been, in

some institutions, entirely ignored, in others only in-

differently ]3rovidcd, and in no single case supported

and cquijipcd on a basis comparable with the wealth-

producing power of the industry.

F.fficicnt production and the economic management

of our manufacturing plants are essential features to

our commercial development, and it is in this field

that the greatest results arc to be attained in the con-

servation of our natural resources. The accomplish-

ment of these results obviously depends upon the ap-

plication of scientific knowledge to the solution of all

problems, both great and small, in the development,

the direction and the management of our factories.

The chemical industries very properly look to the

schools for men qualified to produce these results, to

improve their production and manage their works.

•Paper read before tin
niiRlneers.

American InsUtutP of Cliemlcnl

The best evidence that more and better trained men
are needed in the chemical industries is the fact that

this Institute of Chemical Engineers, composed of

men of experience and men now engaged in the direc-

tion of great industries, meets twice a year and de-

votes a large portion of its time to the study of the

problem of how to obtain trained men to assist them
in the development and administration of their work.

Every employer of chemical talent knows that at best

the young graduate is only a vague "prospect" and

that much has been left undone in his training.

The problem of proper training and correct meth-

ods of teaching chemical engineering is one which

must be carefully analyzed and studied from its very

foundation and is not one to be remedied by a few-

trivial changes in existing curricula—by dropping this

and substituting that. The subject must be opened

up and examined in its foundation and if it is found

that the present structure is built on sand we should

put some "concrete" under it.

Necessarily, the problem must be solved by the co-

operation of the teachers with the emplo3'er of chem-

ically trained men, and the writer, having served a

term of practically ten years in each of the above fields,

begs to submit a few observations and conclusions for

the consideration of the Institute Committee.

The chemical industries require for their develop-

ment and management two classes of men of some-

what different training, natural qualifications and

range of service.

First : Research chemists who are qualified nat-

urally and by training to originate and to develop in

new fields. The training of the research man is more
advanced, or supplements that of the chemical en-

gineer, and the research results furnish the founda-

tions for the industries which the chemical engineer

organizes and administers. In other words, the re-

search chemist works in the new and undeveloped

fields of chemical knowledge and produces results cal-

culated to contribute new knowledge and new arts.

Second : The chemical engineer works in t!ie or-

ganization, operation and management of existing or

proposed processes with a view to building up a suc-

cessful manufacturing industry. He uses his classified

knowledge of chemistr}- and the allied engineering

branches in developing, perfecting, organizing and ad-

ministering a plant or a process, for the production

of a marketable and useful product at a profit to the

investor.
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Such a field a.s this requires a man of knowledge,

originality and resourcefulness. His fundamental

training in chemistry, physics, mathematics, etc., must

be thorough and must be combined with a natural en-

gineering inclination and an acquired knowledge of

engineering methods and appliances. His originality

and imaginative capacity seems to me to be essential

and a combination result of natural qualifications and

training. Resourcefulness, however, comes as a re-

sult of experience in application and the ability to

adopt a wide range of methods and practices to new

conditions. A man with the natural qualifications,

supplemented by the proper training, may become a

successful chemical engineer.

The success of the research chemist is measured by

his scientific achievements, whereas the success of the

chemical engineer is measured by his commercial re-

sults. While their work bears a certain nmtual and

cyclic relation it must be apparent that their natural

and educational equipment may be entirely different.

The development of specialized training in certain

selected lines of manufacture is not a proper function

for an engineering school, but should be left to the

trade school or to the industries themselves. Special-

ized research, on the other hand, should be carefully

eliminated from the regular engineering training and

provided for in graduate courses.

For convenience in discussion, I have divided train-

ing subjects for the chemical engineer into three gen-

eral classes : Fundamental, Associated and Supple-

mentary. No attempt is made to discuss the details

of the curriculum, the general purpose being to get

broad subdivisions as a starting point. The question

of arrangement of subjects into a curriculum and the

proper allotment of time for the course depends upon

what is finally determined as proper training for the

men under discussion.

Fundamental Training.—Chemistry, physics, mathe-

matics, allied subjects.

Associated Training.—Electrical engineering, me-

chanical engineering, civil engineering, general engi-

neering, business economics.

Supplementary Training.—Study of the applications

of the fundamental and associated training in labora-

tories equipped with the "tools of the trade" and with

working plants. Training, by "contact" and by "ex-

ample." in a laboratory managed as an approved busi-

ness, in the principles and practices of efficient organ-

ization and administration.

FUND/VMENT.\L TR.MNING.

The training in the fundamental subjects need not

be materially changed except perhaps more attention

should be given to the laboratory facilities and to

the selection of instructors for the fundamental work.

Profound scholarship and a record for original re-

search are too often made the sole determining factor

in the selection of teachers for these subjects. Re-

search qualifications are of secondary importance in

the selection of men to give the fundamental training

to our chemical engineers. Such teachers might bet-

ter be chosen from men physically, temperamentally

and educationally qualified to present their subjects

clearly, logically and enthusiastically to the student,

and to present them in such a way as to quicken and

hold his interest. Too often our undergraduates be-

come muddled, discouraged and even give up a sub-

ject because of its dry. disconnected presentation or

because the instructor "talks over their heads" or

lacks the personality and the power to interest them.

Research instructors are often permitted to emphasize

their "hobbies" or teach their special experiences

without regard to the purpose of the course and its

relation to the fundamental training. Our instructors

should always be chosen to fit the course require-

ments and should not be permitted to divert the work

into special fields not contemplatetl in the basic for-

mulation.

The training in the fundamental branches should

be more thorough and carefully proportioned than at

present, keeping in mind that the chemical engineer's

knowledge must be classified, complete and accurate

in the broad principles and not statistical, encyclo-

pedic, or of the class of deep profundity required for

research in new and original fields. The chemical

engineer's knowledge is to be used as a basic "tool"

of his trade and may be given as such without de-

tracting one iota from its value as mental training.

ASSOCI.\TED TRAINING.

Associated training is for the purpose of j)lacing in

the hands of the chemical engineer a working knowl-

edge of the other engineering branches, so that he may
utilize them in the development and management of his

jjarticular problem. Courses designed primarily as

fundamental for future advanced study in the same

field are not likely to be proper courses for this asso-

ciated training. Our associated courses should be

broad and general and need not carry the student be-

vond the foundational principles of the subjects with

a working knowledge of the existing design, construc-

tion, materials, operation and use of engineering

appliances.

The existing methods of teaching by lectures, dem-

onstrations and laboratory work, combined with a lib-

eral use of text and reference books is probably the

most efifective way of reaching the fundamental and

the associated subjects.

.\ssuming that the student now has a thorough fun-

damental foundation in the basic principles of his

profession and a working knowledge of the associated

engineering branches schools should be equipped for

directed study of their applications to the problems of

manufacture and production. This applied study is

classed as "supplementary training."

In the education of teachers, in the education of

doctors, in the study of agriculture and in the educa-

tion of all other engineers except chemical engineers,

training in the application of the respective funda-

mentals under the direction and with the assistance of
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experienced teachers, is considered essential. ^led-

ical schools without hospitals, teachers' colleges with-

out practice schools, schools of agriculture without

experimental farms, or engineering schools without

laboratories and shops would hardly be dignified by

classification as schools. Such institutions invariably

invest large proportions of their resources in facili-

ties for demonstrating the proper practical applica-

tions of the fundamental theories.

Is there any reason why chemical engineering should

not and could not be taught by the tried methods of

the normal schools, the medical schools, the

agricultural schools and other engineering

schools? Only with proper chemical engineer-

ing laboratories, equipped with real working

models of standard appliances to illustrate the basic

applications of the industries, and a proper curricu-

lum arrangement to permit the student to study and use

these applications and the principles involved in their

application will we be on a basis comparable with the

methods and the facilities now existing in other edu-

cational fields.

But we can accomplish still more with proper lab-

oratory facilities. We can so construct and admin-

ister these laboratories that the student will be sur-

rounded by an "atmosphere" of manufacturing and

business efficiency, where he will learn by example, by

daily contact, bv "attrition," the modern methods and

practices of office and works management. Chemical

engineers should have this knowledge. It is funda-

mental to the proper fulfillment of their job. Instances

where failure has been converted into success and -in-

dustries saved by a knowledge of proper administra-

tive practices and the application of business and works

efficiency methods are too numerous to mention. Re-

finements in chemical processes and ingenious mechan-

ical devices are all ineffective and often useless if in-

efficient organization and management are permitted

to absorb the earnings. Successful chemical manufac-

turing is based upon three general princijiles : First,

chemical and physical facts ; second, mechanical ajipli-

cations ; third, organization and nianagenii-nl.

The first principle is definite and basic and is, there-

fore, not capable of variation, but the second and third

are variable and may be far from perfection. The

greatest opportunity for increa.sed profit, therefore,

lies in the possibility of mechanical imi^rovements

and improvements in the efficiency of the organization.

Instruction is provided in a greater or less degree in

existing schools in the two first principles mentioned,

but the third equally important and fundamental prin-

ciple is not even undertaken.

The "contact" system which 1 am urging for adoi>-

tion as a method for teaching the principles and the

applications of chemistry to manufacture, and for im-

parting a knowledge of the ])rinciples and practices of

efficiency in organization, management and adminis-

tration, are the same as the methods which have al-

ways obtained, by force of circumstances, in country

schools where the small children in the ABC classes

unconsciously absorb geography, history, arithmetic,

etc, by hearing, seeing, and being in the "atmosphere"

of the more advanced work. This method can be

adopted in the training of chemical engineers and can

be made infinitely more effective than in the country

school.

The contact or "frictional" method would require a

laboratory plant larger and more comprehensive than

anything yet established and would have to be man-

aged on somewhat different lines than those now ob-

taining in engineering schools.

If it is proposed to direct the student in the study

of the applications of fundamentals of factories, fac-

tory appliances, factory processes and mcnufacturmg

business by the "frictional" method, the laboratory

should be equipped, organized and administered as a

live manufacturing proposition. There should be

ground space enough to permit of the erection of one

or more complete operating plants in addition to the

general laboratories for the study of great applica-

tions such as distillation, evaporation, filtration, wet

reactions, high temperature oxidation, electro-chem-

istry, etc.

The complete plants should be chosen from some of

the important chemical processes of great common in-

terest, which at the same time illu.strate a wider diver-

sity of chemical principles and appliances and prod-

ucts—for example, the manufacture of gas.

These plants should be designed and built from the

foundation to the roof so that the structure itself, ma-

terials used, equipment and arrangement, would illus-

trate the best known practice and permit of the most

economical management and operation. Every struc-

tural detail should be jirovided with a view to

educating by example. Office appliances, office sys-

tems and facilities should be provided and the equip-

ment include books, trade journals, patent literature,

samples, advertising matter, house organs, etc., of the

business. Conference facilities should be provided in

each laboratory for lectures, discussions, deniunstra-

tions of the chemical, mechanical and business features

of the process. .Ml such work should be conducted in

the special laboratories, and the student from the liine

he enters until he leaves should be made to "stumble

over" the tiiols of his art and become "saturated" with

the "atmosphere" of the business from the raw ma-

terial to the market.

The classes should "go the rounds" of the labora-

tories in convenient sized sections for conferences

and for "manning" the work.

In connection with the chemical engineering labora-

tory there should be a "shop organization" consisting

of competent mechanics, helpers and laborers, neces-

sary for the upkeep of the plant, and this organization

should be so administered that our students would

gain actual experience in dealing with works-men.

Office experience. corres|Kin(lence. dictation, filing and

recording, fundamental costing, etc.. may all become
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familiar knowledge to the student by having these

facilities arranged for his use and by incorporating

them in his daily "business."

TECHNICAL ADVISERS.

These laboratories of engineering chemistry should

be organized with a system of technical advisers to be

selected from representative experts in each typical

field of industrial chemistry. These advisers should be

specially qualified experts or active works' managers

of live concerns. Their connection with the labora-

tory should not be merely nominal, but should carry

with it a responsibility for the proper equipment of

the special laboratory of the industry which they rep-

resent. They should also give some lectures upon

their specialty, not altogether from the chemical .stand-

point, which presumably can be covered by the regu-

lar instructors, but from the business, organization,

and relative industrial standpoint.

The personal contact and acquaintance between ad-

viser and student is an obvious mutual benefit. The
attitude of the leading industries towards such a

chemical engineering school would become one of per-

sonal interest instead of one of criticism.

The technical advisory system, if properly initiated

and administered, will ensure modern equipment,

methods, and instruction in chemical engineering and

will give, through the lectures, first-hand and accurate

general information on the scope and magnitude of the

typical industries. Furthermore, it will definitely dis-

pose of the frequent reference to obsolete and anti-

quated methods and equipment. By relying upon the

judgment of these experts and managers of live and

paying industries we would avoid the equally danger-

ous extreme of becoming loaded up with impractical,

untried appliances and uncommercial processes.

INDUSTRIAL RESEARCH.

The largest industrial corporations, such as the Gen-
eral Electric Co.. the United Gas Improvement Co.,

the National Electric Lamp Association, etc., have

established and are maintaining research laboratories.

These laboratories are directed in their chemical and

physical research by able and high-priced men and are

equipped and maintained at great expense.

Such laboratories are being established because there

are no existing equipments, on a suitable scale, for

solving the problems necessary for their industrial

advancement. The corporations have not undertaken

the burden and expense of academic research from
choice, but from necessity. Our scientific institutions

have utterly failed to provide the facilities for indus-

trial research, and as a consequence are being "el-

bowed" aside from their natural positions of technical

and scientific leadership.

Under existing conditions the small manufacturer,

who cannot afford to equip and maintain a research

laboratory, has no prospect of solving his industrial

problem. Unless the scientific institutions develop

modern chemical engineering laboratories, equipped

with the tools of the industries, and place their facili-

ties within the range of the small manufacturers, in-

dustrial development will be limited to the few con-

cerns whose means will permit the establishment and
maintenance of laboratories for private research.

On the other hand, with such laboratories as I have

outlined, equipped with every facility for experimenta-

tion on a large scale, factory managers, technical lab-

oratories and individuals could be interested in avail-

ing themselves of these facilities and in establishing

industrial researches for solving industrial problems.

Frequent reference has been made to the cost of such

a laboratory of engineering chemistry as has been out-

lined. We are dealing with a great industry and a

great problem and we should therefore exercise our

sense of proportion. It is estimated that the minimum
net profit of chemical manufactures is $300,000,000

annually. It is also estimated that the combined in-

vestment in chemical engineering equipment in all of

the educational institutions of the country is not over

$30,000, or one-hundredth of one per cent of the net

profit of the industry for one year. A $30,000 invest-

ment or even one hundred times that is an absurdly

small equipment to be devoted exclusively to instruc-

tion in the application of chemistry for such an enor-

mously profitable industry, not to mention the facili-

ties for research development. If the plan outlined

will produce men better qualified to enter this field of

industry and men who can "deliver the goods," I have

no fear that the question of cost will ever prove an

obstacle to the development of such laboratories of

chemical engineering.

The world's output of coal for 1909 is estimated at

1,110,000,000 tons, an increase of 42,000,000 tons over

1908. Output increased by 35,000,000 tons in the

United States, and 2,300.000 and 2,100,000 tons in

Great Britain and Germany, respectively. The United

States produced 37 per cent of the world's output,

Great Britain nearly 25 and Germany 20 per cent ; the

three countries together 81 per cent.

The tanning methods employed in certain parts of

China, according to a recent consular report, are as

follows : The hide is put into a small pond and im-

mersed in a thick mixture of alum and water. Fresh

hides are taken out after two days, but if they had

been dried under the sun they are kept in the pond

for a number of days until soft and flexible. The
flexible hide is then placed on a broad bench and

slowly but rather skillfully peeled by hand labor into

thin sheets, which are expanded by bamboo sticks bent

into bows. A number of sticks applied to one sheet

keep it expanded like a drum. It is dried by a straw

fire in an earthen stove with a conical cover having

an opening on top for the emission of smoke. This

also gives the leather a yellowish color. The process

is completed by exposing it to the sun's heat until

thoroughly dried.
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THE SUPPLY OF IRON.*

By JAMES F. KEMP.

The plan of preparing an estimate of the world's

resources in iron ore has had the cordial support of

tke Prime Minister of Sweden and it is a pleasure

to acknowledge our indebtedness to him. The plan

has been ably carried out by the Swedish committee,

and special acknowledgments are due to Dr. J. G.

Andersson for the able way in which the difficult task

of editing has been performed. As a result we have

before us a work which will furnish much food for

economic speculation and thought. When we try,

however, to project ourselves into the future, we

soon find that we are not able to speak with the accu-

racy of mathematics, but we must be content with the

attainment of conclusions which, within certain limits,

are not unduly remote from the truth. The subject is

a complicated one, and may perhaps be best discussed

after the mathematical form of assuming, so to speak.

an equation which is a function of several variables.

By taking one variable at a time and following out

the efifect of its changes upon the general function.

we may, by a series of approximations, in the end es-

tablish a solution worthy of confidence.

The future of the iron industry is a function of the

following and perhaps of other variables

:

1. The increase in annual production which will

make greater demands on the reserves.

2. The decrease of some of the present sources

of supply and their final exhaustion.

3. The entrance of new sources of supply now

perhaps inaccessible.

4. The gradual decline in average contcnl of iron

in the ores used.

5. The increase of expense of production with de-

clining yield.

6. Improvements in existing processes which re-

duce expenses.

7. The supply of fuel; above all. undrr ])rcseiit cir-

cumstances, of the coking coals.

8. The entrance of new methods of smelting, es-

pecially those depending on electricity.

9. The substitution of other materials for iron and

steel ; among which cement is most important.

We, delegates to the congress, who have come

across the ocean, have gazed with profound interest

upon the collections in the National Museum which

so graphically portray the history of the Scandinavian

peoples from the Stone Age, through the Bronze Age,

into the Iron Age. It is the Iron Age which many

people believe to be the one in which we live. This

belief is only partly true. We really live in the Age

of Steel, not of Iron, and it is very important that we

should so regard our own times. Almost all the pig

iron produced is used in the manufacture of steel.

In the United States, whose output of pig iron the

*A rontilbutlon to a discussion before llip Intornnllonal Geo-
loRlrnl rongress. at SlocUhoIin. nn August 22. lilld.

past year was over 25,000,000 tons, and was more

than that of the next two nations combined, approxi-

mately 90 per cent of the yield of the furnaces is

marketed in the form of steel. This ratio will prob-

ably continue until we pass from the Age of Steel into

that next age of the human race, the Age of Cement,

a period which alreadj' looms above the horizon and

which bids fair in no unimportant way to prolong

the life of our iron ore reserves. For many struc-

tural purposes reinforced concrete has already re-

placed steel and has even been used in the construc-

tion of ships.

The report on the iron ore reserves makes it clear

that there will be no exhaustion of iron ore of one

kind or another for an indefinite period of time. If

we consider iron-bearing materials of 30 per cent as

ores, there is no lack of a supply for our furnaces.

Much apprehension has been felt on this point, and it

is reassuring to find our fears in a measure unwar-

ranted.

Iron, as a metal, of course, never can fail, for if

we drop 20 or 10 per cent, we find inexhaustible

amounts of basic rocks with these percentages, and

we are then dealing with raw materials from three

to ten times as rich in iron as are the usual copper

ores in copper, the next metal to iron in abundance

of production.

But the existence of iron ores of even greater yield

than 30 to 40 per cent is one thing, and their avail-

ability under ordinary conditions of smelting is an-

other. Iron must be produced at low cost if it is

to continue to fill its present place in modern civiliza-

tion, and thus the sources of supply are restricted to

comparatively few regions. Almost all the iron and

steel of the world is now produced in Western Europe

and North America, roughly about 60 per cent in

the former and 40 per cent in the latter. In North

.America the industry is almost all in the eastern part

of the country, whether it be in Canada or the United

States. If, therefore, we consider the actual facts of

production, we necessarily restrict ourselves to a

comparatively small part of both Europe and North

America. Again, if we consider the population of the

world at large, and the population of the countries

that produce the iron and steel, the latter is a small

fraction.

When, therefore, we speak of the world's reserves

of iron ore, if wc have in our minds the entire sur-

face of the globe, we are discussing a matter that is

largely of academic interest. But if we come down

to the business of producing iron and steel as an eco-

nomic matter, wc must eliminate from consideration

as afl'ccling the large features of the immediate fu-

ture all but that small part of the world that lies in

Western Europe and Eastern North .America.

What, then, is the outlook in these larger producing

areas?

Of the United States I can speak with most inti-

mate knowledge, but they are far removed from the
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countries of Europe, and the iron industry has not yet

developed international features except in the impor-

tation of ore. The larger features of its future can be

summarized in a few words. There are two principal

and several minor sources of supply ; the' Lake Supe-

rior region and the Alabama region comprise the

former ; the Appalachian mountains almost all the lat-

ter. The Lake Superior region furnishes four-fifths

of the American ores, and one state, Minnesota

supplies more than one-half. The ores are low in

phosphorus and sulphur, relatively high in silica, and

are very cheaply mined. The ores formerly yielded

60 per cent and over in iron. Now they average some-

what over 50 per cent. At 40 per cent, which is still

comparatively high, considering the world at large.

the amount is inexhaustible. The ores are transported

from several hundreds to over one thousand miles in

order to meet the coke and be smelted to the best

advantage.

In Alabama, and to a less degree in neighboring

States, the ores formerly yielded from 40 to 50 per

cent, but the most important variety has now settled

down to about 37 per cent, a yield which will not

essentially change for many years to come. The ores

thus are comparable with the minettes of Germany
and France. The coal, the limestone and the ore are

all within a few miles of each other, so that the low

cost of production is not equaled elsewhere in Ameri-

ca. The ores were silicious in early times, when thev

were obtained near the surface. In depth they have

become basic. They are stratified and can be esti-

mated as accurately as coal seams. The ores are

moderately high in phosphorus, much above the acid-

bessemer limits. Other sources of supply contribute

lesser amounts of ore in the Alabama region, and still

additional sources are fovmd along the Appalachian

mountains, but the chief producers have been re-

viewed above. The reserves are sufficient for many
years to come.

West of the Mississippi the iron industry is relative-

ly small ; one moderately large plant is in operation at

Pueblo, in Colorado, and another is just being com-

pleted on Puget Sound. The development of Alaskan

coal w^ill be an important factor in the future.

The most interesting feature of the next few years

will depend upon the development of the new sup-

plies of ores from the northern side of Cuba. Great

deposits have been proved by the drill. They lie upon

the surface and will be cheaply mined by steam shov-

els. When calcined and freed of their abundant

moisture they will supply an ore above 40 per cent

in iron, almost entirely free from phosphorus and sul-

phur, but containing chromium and nickel oxides.

The anticipation is entertained that they will greatly

revive the steel industry on the Atlantic seaboard, if

they do not also lead to the construction of new and

extensive plants.

In America, therefore, so far as ore is concerned,

there is no prospect of a serious change for an in-

definite period. America has been a relatively new
country of great distances. }kleans of transporta-

tion calling for steel have been absolutely essential to-

development. Steel is now employed also in enor-

mous quantity for structural purfxjses, since all large

buildings—the "skyscrapers"—have a framework of

steel ; but cement is being more and more utilized and

will probably in time afifect the consumption of steel in

no unimportant way.

Aside from America, in particular, I can only speak

of the iron industry in general terms.

In forecasting the future the first disposition is to-

divide the tons of reserves by the annual produc-

tion and thus estimate the life of the mines. I am,

however, reminded that in the last 50 years the pro-

duction has increased by leaps and bounds, as Mr.
Van Hise made clear in his address at the opening of

the Congress. This rapid increase is true not only of

the United States, but especially in later years of Ger-

many. An element of uncertainty is thus introduced

into the first simple calculation and the life of the re-

serves is correspondingly shortened.

Oil the other hand, in the older iron-producing

countries the railways are now built ; the great pub-

lic improvements are largely completed, so that for

these purposes the supply of iron or steel is not now
required. The iron, moreover, already in the metallic

state steadily accumulates for reworking. We cannot

anticipate the continuance of the geometric rate of in-

crease. We are more likely to attain a fairly stable-

annual output. Just what this production will be, it

is difficult to state, but the supply of fuel of which 1

shall speak in a moment is an important factor.

Undoubtedly some of the present sources of sup-

ply will decrease and finally will be exhausted. Of
this feature I am inclined to speak with reserve be-

cause most of us have thought that the iron ores of

England and the Piilbao ores in Spain were approach-

ing exhaustion, whereas we have learned from the re-

ports to the Congress that new reserves have been

opened up by further exploration ; the Bilbao ores,

for example, can scarcely be regarded as nearing

tlieir end. as over si.xty millions of tons remain to be

utilized. Nevertheless there are doubtless some pres-

ent producers which before long will cease to

ship. For the furnaces thus deprived of their

old sources of supply, new ones must be found.

Apparently in these relations Sweden, .•\lgeria,

Newfoundland, Cuba and Brazil will come more

and luore to the front. Assuredly there is a fu-

ture of increasing importance for the exporting coun-

tries. Nevertheless as local sources of supply de-

cline we must anticipate tariflfs and legislation look-

ing toward the conservation of natural resources;

these will operate to postpone exhaustion. There are

thus antagonistic influences which must be balanced

in any forecast worthv of confidence.
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In some important producing areas, especially in the

United States, a gradual decline in the average per-

centage of iron in the ore is inevitable. The decline

is most marked in those countries where the richest

ore has been naturally the first to be utilized. But the

percentages, although lower than those hitherto avail-

able, will soon be fairly stable in America, and they

have already practically reached this condition in Ger-

many. Changes will then only be apparent over long

periods of years. With the lowering of percentages,

and an amelioration of the conditions of production,

a wider range of ores becomes available, so that

lowering is checked. There is thus a delicate and in-

teresting balance maintained by these influences.

With the lowering of the percentage of iron in the

ore, the cost of production naturally increases. More
barren material passes through the furnace, with de-

creasing product, and increasing expense for fuel.

From this cause alone one might infer a decrease in

output. But, on the other hand, improvements in

processes of smelting have from time to time ap-

peared and have more than neutralized these eflfects.

In the United States, for example, furnaces have

grown enormously in size and capacity. The recent

invention of my countryman, James Gayley, has tend-

ed greatly to increase the efficiency and the uniform-

ity of operation. Mr. Gayley passes the incoming air

of the blast through a series of coils, cooled below the

freezing point of water by a very cold solution of

some salt such as calcium chloride, so that all tlie

moisture is chilled from the air, which then enters

the stoves in a thoroughly, dried condition. The ac-

cumulated moisture, frozen to the coils, can, when
necessary, be melted off by the outgoing heated gases,

while the incoming air traverses a second cold cham-

ber. By such an improvement as this or by others

likely to be made as time goes by, the eflfects of de-

creasing percentages have been offset and again a del-

icate and interesting balance of opposing forces has

been established.

Let us now assume that essentially tlie methods of

smelting which are practiced today will remain in force

for a long period of years. The iron ore goes first to a

blast furnace in which, in the vast majority of cases,

it is reduced by coke to pig iron. Roughly speaking,

one ton of coke is required to produce one ton of pig

iron. For the one ton of coke about ij^ tons of raw

coal arc necessary. If our ores yield 50 ])cr cent in

iron, then for each two tons of ore ij/{> tons of coal

are utilized, and that coal nnist possess superior quali-

ties in order not to crusli down under the heavy bur-

den of a modern blast furnace. In so far as the fu-

ture of the iron industry is concerned, the serious

question is not alone the supply of iron ore, but also

the supply of coking coal. It will not suffice in these

relations to say that this country or that has so many
thousands of square miles or kilometers of coal fields,

because only a relatively small part of the coal fields

yields the right sort of coal. Wc must know how

much of the latter the world possesses and then how
much of this supply is near enough to blast furnaces

to be utilized without excessive transportation. The

coal supply would seem to me to be the next ques-

tion which a future International Geological Congress

might most appropriately take up. Not until these

data are at command can the remoter future of the

iron industry be suitably forecast.

But, may we ask, are our present methods of the

reduction of iron destined to continue? To this it

may be replied that with the present outlook electric

smelting alone seems likely to introduce changes, and

so far as it can be employed only to the following de-

gree: In the reactions of a blast furnace about two-

thirds of the fuel is employed in supplying the neces-

sary heat and one-third in the reduction of the iron

oxide. Electrical energy, supplied by water power,

may replace the two-thirds of the fuel as a source of

heat ; the remaining one-third will always be neces-

sary. In countries where there is abundant and prac-

ticable water power, electric smelting may thus be

feasible. Charcoal may even in some furnaces en-

tirely replace coke, over which, being a purer source

of carbon, it has manifest advantages. Poor charcoal

such as may be obtained from refuse lumber may
perhaps suffice, so that to some extent the demands

upon the coking coals may be reduced and the life of

the reserves may be prolonged. Obviously in coun-

tries such as England, with limited water power, but

with great supplies of coking coal and great iron in-

terests, electric smelting can be of small importance

except in so far as it may enable other lands, such

as Scandinavia, to export to it some supplies of iron,

necessarily furnished at sufficiently low cost. Elec-

tric smelting is in its infancy as yet, but it is of suffi-

cient promise to deserve mention as a possibly im-

portant factor in the future.

The final variable in our function which calls for

brief mention relates to the substitution of other ma-

terials for iron and steel as time goes by. Of these

cement seems to be the one of most serious moment

and only in so far as it may supplant structural steel.

In the form of reinforced concrete cement is a ma-

terial which grows in favor and in use. Some steel

is of course used in its manufacture, and the cement is

thus only in part a substitute, but its potentialities are

sufficient to justify its mention. No one can ac-

curately estimate its future influence.

In conclusion I may repeat that the subject is com-

plex. That the future of the iron industry is a func-

tion of a number of fairly independent variables is

clear. Some of the variables neutralize each other.

Some of the variations wc cannot fully trace. On tiie

whole, for many years to come, I believe the iron in-

dustry will continue without any very fundamental

changes.

Pearl shells valued at $844,076 were exported from

the northwest coast of Australia last vcar.
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THE DEVELOPMENT OF THE CHEMIST AS
AN ENGINEER.*

By FRED W. ATKINSON.t PH. D.

The comprehensive circular letter Xo. i to the mem-

bers of the Committee on Chemical Engineering Edu-

cation of the American Institute of Chemical Engi-

neers presents clearly and concretely a problem of vital

importance to the engineering educator as well as to

the manufacturing chemist. The subject is, indeed,

one to which little explicit attention has been paid. In

any attempt to formulate a definite and practicable pro-

gram for the training of chemical engineers this society-

will be obliged in a certain sense to beat out its own
path. The situation regarding such training is still

chaotic and the technical institutions are by no means

agreed among themselves as to the most suitable course

of education for a chemical engineer. They will wel-

come heartily a report from this body of practical men

which will point out the causes, results and deficiencies

of the present method of training and which will sug-

gest courses likely to produce better results.

I note from my examination of the membership cards

of this association that a wide diversity of data is dis-

played under the headings : "Present Occupation and

Business Connection," '"History and Education," and

"Career in Chemical Engineering." I should infer

from the facts exhibited on these memliership cards

that very few of the members of this institute had had

any formal training in engineering subjects and that

what they had achieved as chemical engineers was due

entirelv to their own individual development in re-

sponse to the practical demands made upon them as

chemists. Many of them bear the stamp, like many
another excellent product, "made in Germany." which

implies that they brought to their profession a knowl-

edge of the modern advance in chemistry and an ap-

preciation of investigation. If I as an outsider may
presume to make a suggestion it would be that every

member of this institute be given an opportunity to

express his opinion with reference to the course in

chemical engineering which will produce graduates

who shall be so trained as to meet the requirements of

the chemical industries in America. In any expres-

sion of views upon the general subject, it is impor-

tant to keep in mind that in technical schools it is not

feasible to assign more than 15 hours of lecture or

recitation, and 15 hours of laboratory work per week

for four years, or. at the most, for five years. A larger

weekly assignment only results in poor preparation,

giving a smaller net return in training and acquisition

of knowledge.

It should also be clearly recognized that it may be

possible to develop in the technical school or the engi-

neering department of the university qualities or abil-

ity which are very necessary in the factory, and that

•Read at the third annual meeting of the American Institute
of Chemical Engineers, held at Hotel Astor, New York.

tPresident of Polytechnic Institute of Brooklyn.

a portion of the education or training of the chemical

engineer must always be obtained during a period of

apprenticeship in chemical works. High proficiency

in chemical engineering can never be reached without

natural ability and long experience. The chemical en-

gineer forms no exception to the law that experience is

an imperative necessity for every human being. A
college can no more turn out completely developed and

efficient chemical engineers ready for positions involv-

ing superintendence and responsibility than it can pro-

duce lawyers and doctors expert at the day of their

graduation.

After the views of the members have been obtained

and the concensus of opinion of this institute has been

formulated which will be no easy task, I suggest as

perhaps the best method of approaching the education-

al institutions that the final report with definite recom-

mendations be submitted to the Society for the Pro-

motion of Engineering Education for consideration by

its members, most of whom are engaged in college in-

struction. A joint meeting of the two societies might

also be arranged, for if this problem is ever to be

solved successfully it will be by bringing the chemical

manufacturers and the college instructors in more in-

timate and more co-operative relations.

As a result of a popular demand by far the larger

number of our colleges are attempting in a four-year

course to provide the instruction required by the pros-

pective chemical engineer. This is too short a course.

The chemical engineer is a combination of the chemist

and the engineer, and I believe it is the fundamental

mistake of the colleges that they do not insist upon at

least five years for the completion of a course in chem-

ical engineering. A five-year requirement is bound to

come and should this institute reach the conclusion

that the usual period of four years is too brief for an

adequate preparation I believe its recommendation to

extend the time will have great weight with the educa-

tional authorities, and will tend to accelerate the

movement in the direction of a more suitable training.

In either a four or a five-year course the proportion

of time devoted to chemical subjects should exceed

that given to engineering subjects. As a primar)'

requisite the chemical engineer must possess a broad,

comprehensive knowledge of chemistry, theoretical and

applied. Although I have no doubt but what some of

you may disagree with me, yet realizing as I do the

practical conditions governing college instruction it is

my opinion that this chemical training must necessarily

be general and fundamental rather than specialized.

Instruction in chemistry should continue through the

whole length of the course. The freshman year of such

a course will be identical to that offered to prospective

chemists and very similar to that pursued by engineer-

ing students. English, French or German, mathe-

matics, physics, drawing and general descriptive chem-

istry are the usual subjects of the first year. We find

at the Polytechnic Institute that about 30 per cent of

the students are able at the time of entering to pass

examinations in trigonometry and higher algebra, and
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in chemistry. Such students are able at once to take

up more advanced work in mathematics, and to begin

their qualitative analysis in the freshman year. In the

second year, English, modern language and physics,

should be continued ; some period of history should be

studied ; and in mathematics, the calculus should be un-

dertaken. Qualitative analysis should perhaps come

the first and quantitative analysis the second half year.

With the exception of the introduction of the calculus

the second )ear of the five-year chemical engineering

course of the Polytechnic differs but little from the sec-

ond year of its chemical course. In the excellent four-

year chemical engineering course of the Massachusetts

Institute of Technology, I note that the engineering

subjects of mechanism and mechanical engineering

drawing are introduced in the second year. The sub-

jects, machine drawing and surveying, appear in the

second year of the course printed in circular letter No.

I to members of the Committee on Chemical Engineer-

ing.

This difiference of practice in the time of introduc-

tion and in the character of engineering subjects be-

comes greatly accentuated in the third and fourth

years of the courses offered by our American educa-

tional institutions. It may safely be said that no two

institutions have from among an almost bewildering

variety of engineering subjects made even approxi-

mately the same selections. Local conditions will of

course always be one of the determining factors in the

shaping of these courses and a free rather than a

standardized development of professional courses is

the usual American educational experience. Never-

theless, I believe that greater care in the selection of

engineering subjects based on actual experience which

the members of this institute can furnish is both de-

sirable and possible. The hopefulness of the situation

lies in the fact that the members of this Institute have

undertaken this study and are in a position to indicate

to the college authorities just what changes in the

present courses are necessary to bring about the de-

sired results. Chemical engineering needs to be more

sharply defined. Its scope is still in a somewhat in-

determinate state and as yet its position as one of the

professions is not clearly recognized.

The present courses are founded on the assump-

tion that the chemical engineer must, beside Ijeing a

chemist, also be something of a mechanical engineer,

and to a less degree something of an electrical engi-

neer. It is further assumed that the chemical engi-

neer will not be expected to show results so much as

an analytical chemist or as a student of special re-

search -who spends his time in the laboratory of the

manufacturing plant, but as a managing chemist who
remains in the laboratory only long enough to get his

business bearings. Broad expert knowledge and an

inventive ability combined with a natural aptitude' for

administration and management, are the principal

characteristics of the successful chemical engineer. I

should like to know if these assumptions are true, for

if they are it is at once evident that the training for

such a profession must be broadly fundamental rather

than narrowly specialized.

The colleges are pretty well agreed upon what shall

be done in the fundamental branches of mathematics

and physics. Solid geometry, advanced algebra, trig-

onometry, descriptive geometry and the calculus are

the mathematical subjects taught, and the physics

course of two years' duration is mainly devoted to

the subjects of mechanics, light, heat and electricity.

English is sometimes limited to the work in the pre-

paratory school, but as a rule it is taught for one year,

and often for two years, which is none too long a

time. It is of the highest importance that the chem-

ical engineer be able to express himself clearly and

concisely. Economics is becoming recognized as a

desirable and necessary subject for all engineers. The
other general subjects to be included such as history,

logic and business law, depend upon the length of the

course whether it is a four or five years' course. The

colleges are further agreed that mechanical engineer-

ing drawing should be included and that there should

be also thorough fundamental courses in mechanism,

applied mechanics and thermodynamics.

There are many points upon which the colleges are

not agreed, and a few of the more important of these,

I am presenting in the form of questions to the mem-
bers of this institute.

1. Are both French and German essential to the

chemical engineer?

2. Of what should the course in applied or techni-

cal chemistry consist? Specify the subjects to be

taken and the proficiency to be acquired in each.

3. How much investigation should be required and

of what character?

4. Beside mechanism, applied mechanics and ther-

modynamics what mechanical engineering subjects

should be included? Steam engineering? Machine

design? Steam power plants? Gas power? Works

management ?

5. What electrical engineering subjects should be

included? Principles of electrical engineering? Dyna-

mo laboratory? Electrical measurements?

6. What civil engineering subjects beside hydrau-

lics should be taken? Surveying? Mechanics of ma-

terials? Testing laboratory?

7. What in your opinion is the main cause of the

failure of the present courses in chemical engineering

to "produce men who are prepared in the best possible

way for practical work in the manufacturing estab-

lishments of the United States"?

.\ movement is being made in England toward buy-

ing and selling leather by measurement, instead of by

weight, and the authorities are being urged to recog-

nize the measuring machine as a standard means of

sale on the same basis as is now the rule with weigh-

ing machines and to provide for the proper registra-

tion and examination of leather-measuring machines.



lO THE CHEMICAL ENGINEER Vol. XHI. No. I.

THE INDIAN MAGNESITE INDUSTRY.*

By H. M. DAINS, F. I. C.

Tlie first idea of the possibility of starting a mag-

nesite industry in India seems to have originated with

Dr. Macleod, who experimented with the Salem mag-

nesite and reported on it to the government of India

in 1826. He suggested the use of it as a substitute

for imported cement. It is only within recent years,

however, that work on anything like a large scale has

been carried on.

The principal deposits lie in the "Chalk Hills," two

miles from the town of Salem in the Madras Presi-

dency, 200 miles west of Madras, and an equal distance

from the port of Beypore on the West Coast. These

ports are connected by the Madras Railway, which

passes within a mile of the deposits. The magnesite

covers a superficial area of about 2,000 acres and oc-

curs in abundant irregular veins of unknown depth,

which exceeds 60 ft. The veins intersect an ultrabasic

intrusion of eruptive rock called dunite, after its proto-

type, native and the Dun Mountain, New Zealand.

This rock, Avhich is ultra-basic on account of the

absence of felspar and quartz, has undergone a series

of remarkable mineral changes owing to the non-

resistance of the unstable olivine to metamorphic influ-

ences. The change resulting in the formation of mag-

nesite may be expressed somewhat as follows

:

ANALYSIS OF DrNITE (sq. gr., 3. 170),

Per Cent.
Silica 39,10
Magnesia 48,26

87,36
Iron, alumina, manganese, chromium, mois-

ture, etc 12,64

100.00
l^nnite'

Olivine Chromite
(containing a little iron)

Serpentine
(A number of varieties, e, g,, Massive, Retinalite, and

Picrolite)
Magnesite Chalcedony, Silica, etc.

r)unite from Dun Mountain (Von Hochstetter,)

Per Cent.
Silica 42.80
Magnesia 47.38
Ferrous oxide 9.40

(After the chromite had been removed.)
Oriental olivine (sp. gr., 3..3.51) (Duna) :

Per Cent.
Silica 39.73
Magnesia .50.13

Ferrous o.xide 9.19

'Report on the magnesite areas near Salem, by C. S. Mid-
dlemiss. (Geological survey of India.)

Serpentine is found widely disseminated throughout

the deposits associated with the magnesite, but for the

most part in small quantities. The magnesite varies

slightly in appearance and composition. The outcrops

are of a grayish color and intensely hard. Under the

surface it becomes softer the greater the depth at

which it is found, and in some cases where water has

had access to the veins it can be almost dug out with

a spade, and crumbles readily in the hand.

Generally the magnesite is almost perfectly white.

It has a sp. gr. of 3.0 to 3.06. and a hardness of

about 5.

The average mineral is of excellent quality, being

exceptionally low in lime, silica, iron oxide, and

alumina. It contains about 96-97 per cent of mag-

nesium carbonate, but picked specimens have given as

much as QO per cent.

Blount.

Per
Cent.

Silica 0.22

'["" "•^"''^
I 30

-'\lumuia )

Magnanese oxide
Lime nil

Magnesium oxide 47.3.")

Carbon dioxide ")1.44

Combined water 0.27

Sulphuric acid

Phosphoric acid

Magnesium carbonate. . . (98.79)
Calcium carbonate
Alkabs

3NESITE.
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1.1()J to 1.263. Tliis cement is very hard, white, and of

great durability, and will carry up to 20 parts of sand

for one of magnesia. When used with sawdust as an

aggregate it makes a ])ractically noiseless and dustless

tlooring.

Dead-burnt of shrunk magnesia is obtained by calcin-

ing at a temperature of not less than 1,700° C.

At Salem the calcination is done in a Schneider kiln,

INDIAN C.\USTIC MAGNKSI.\.
From Old Kilns. Gas-Fired Kiln.

Per Per Per Per Per
Cent. Cent. Cent. Cent. Cent.

Loss of ignition 4.(!-J 4.82 .5.70 1.8'2 2..31

Silica 1.<I4 1.72 1..36 .. ..

Insoluble residue .. .. 1.1'^ 0.54

Oxide of iron and alumina., l.oi' O.iM 0.74 (Mi3 0.44

Lime 1..53 2.48 2.25 1 .0(3 1.03

Magnesia 91.03 90.18 90.28 95.80 96.10

Styrian magnesite is largely used for making refrac-

tory bricks, but it contains a high percentage of iron

oxide.

Per Cent.
3.40

7.00

4.05

84.29

99.34

99.84 100.09 100.39 100.44 100.42

but it would be preferable to calcine in a gas-fired kiln

to avoid contamination with the ash from the fuel.

The product thus obtained is very basic, and has a

sp. gr. of 3.5. It is free from carbon dioxide, and has

practically no tendency to absorb water.

STYRIAN DEAD-BURNT.
Per Cent.

Silica 2.20

Iron o.xide 7.70 |
.-Miimina 1.02 J

Lime 4.92

Magnesia 83.92

99;76

Dead-burnt magnesia has replaced dolomite to a

great extent in basic furnaces because it is not hygro-

scopic and can therefore be kept any length of time

without deterioration, whereas owing to the high per-

centage of caustic lime in dolomite this material rapidly

deteriorates on exposure. Dolomite is useless after

being once used and, whereas 550 to 1,100 lbs. on an

average of this calcined material is required for repairs

after each open-hearth heat, with dead-burnt mag-

nesite only no to 220 lbs. is required.

Experiments have been carried out in the calcina-

tion of the Indian magnesite on a large scale in electric

I J. Chem. Soc. Jan., 1903.)

Per Cent. Per Cent. Per Cent.

Magnesia 4li.o9 45.75

Carbon dioxide 51.51 49.88 ..

Magnesium carbonate .... 97.()0 95.63 93.70

Silica 0.38 1.63 2.20

Lime 1.68 1.44

.\himina 0.15 0.17 0.10

Iron oxides 0.08 1.19 0.07

Calcium carbonate .. 4.02

Combined water .. traces

Carbonate of iron

M.^GNESITK.
.\mcrican

(Mineral Industry.

(Ferguson.) 1902). Hungarian. Silesian.

Per Cent. Per Cent. Per Cent. Per Cent. Per Cent.
40-48
40-50

94.00 9,3.00 93.00 94.80

3.10 2.00 2.70 0.80 4.-5-5.25

0.0-0.7

0.80 0.50 .. 1.10 1

0.30 0.07 .. 3.20 s

L98 0.49 2.78 0.10

0.0.5 0.40

0.40

1..

The principal uses of dead-burnt magnesia are as a

refractory lining for open-hearth furnaces and con-

verters in the steel industry, for rotary kiln linings in

Portland cement manufacture, for furnace hearths,

crucibles, cupels, and refractory bricks. The most re-

INDIAN DEAD-BURNT.
Schneider Kiln. Gas-Fired Kiln.

Per Cent. Per Cent. Per Cent.

Silica 4.92 5.59 4.38

S;^nr''^;::;::;::::(2.T4 ^20 1.02

Lime 1.92 1.07 1.04

Magnesia 89.53 89.83 9.3.12

Loss of ignition 0.39 0.34 0.34

99..50 99.03 100.00

fractory dead-burnt magnesia is obtained from magne-

site containing little or no lime, silica, oxide of iron,

and alumina. The Indian magnesite is exceptionally

loAv in these deleterious compounds.

The presence of much lime in magnesite bricks used

for high temperatures causes them to disintegrate, and

in basic steel furnaces is said to cause the phosphorus

to pass into the hearth instead of the slag, the hearth

thereby becoming "rotten." Silica, oxide of iron, and

alumina are objectionable because they lower the fus-

ing point.

For dead-burnt magnesite a high temjierature of cal-

cination is required as it is absolutely necessary not

only to drive off all the carbon dioxide but to thor-

oughly shrink the resulting magnesia.

furnaces. In this process the magnesia becomes partly

fused, and the resulting product is a crystalline mass of

thoroughly shrunk material having a specific gravity

of 3.58. The crystals have the same well-defined cubic

cleavage as periclase—the natural crystalline mag-

nesium oxide. This crystalline material has been used

with much success as a wash and a lining in electric

furnaces.

Bricks are usually made in this country by grinding

the dead-burnt magnesite in an edge-runner mill, mix-

ing with water in sufficient quantity to make a plastic

mass, and molding in an ordinary hand brick press.

The bricks after careful drying are burnt in a high

temperature kiln. .Xnother process, however, is to

grind the crude material and then add water to enable

the crude to be molded and burnt. The usual prac-

tice on the continent is to mix the ground calcined ma-

terial with tar, mold, place in a hydraulic press, and

after drying burn in a gas-fired kiln. The volatile por-

tions of the tar escape, leaving in the interstices a car-

bonaceous residue which binds the whole together.

INDIAN MAGNESITE DRICKS (Sl'. GR., 3.58) (WESTMORELAND).
(1) (1)

Per Cent. Per Cent.

Silica 2.60 3.15

Iron oxide ) j gj 553
.Munnna ) q g.g

Lime , 1.53 1.01

Magnesia 93.94 94.28

99.98 99.80
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COKE IN FOUNDRY SMELTING.*

The writer has had a part in the efforts of asso-

ciated foundry men from the beginning of what may
be called the new era of the industry. He has listened

to many experiences related by veterans and by men
newer to the business. All these experiences, includ-

ing the flowing of enormous quantities of the slag out

of the cupola doors on the charging- platform and the

disappearance of incredible quantities of metal during

the melt, have strengthened his belief that troubles

laid to the idiosyncrasy or, as some call it, the "innate

cussedness" of the cupola, could really be avoided by

changing the melting program to suit the fuel that is

used.

Normal coke has 50 per cent cell space and has.

pound for pound, practically double the volume of

anthracite. Hence during the melt the downward

movement of the metal within the range of the melt-

ing zone must be twice as fast when coke is used as it

is with anthracite. Therefore the difference between

the first of the metal to melt and the last, with respect

to the influences to which they have been exposed, is

greater for a bed of coke as compared with a bed of

anthracite of like weight. That is, the first metal to

melt is likely to be the same on either the coke bed

or the bed of anthracite, but the last metal, especially

if the charge is very heavy, melts much lower down in

the coke-charged cupola and is necessarily subjected to

greater oxidizing influences, because the blast low-

down in the cupola contains more free oxygen. When
anthracite is used the part of the bed where the melt-

ing is actually done varies least in position.

This advantage is still retained by many foundrymen

in the East, where anthracite, as it is still available

and no dearer than coke, may be used for the fuel

bed and often mixed with coke in the subsequent

charges, or even used altogether.

A study of the downward movement of the metal,

as just stated, is important, as it suggests the way to

make use, in regular casting practice, of practically

every variety worthy of the name of foundry coke.

Anthracite and coke, being practically identical in com-

position—that is, containing the same percentage of

ash, fixed carbon, sulphur, etc.—differ radically only

in physical structure. Thus, if the cell space of a

coke is 50 per cent, as mentioned above, the coke has

twice the volume of an equal weight of anthracite.

•Prom Bulletin No. 3 of the IT. S. Bureau of Mines, entitled
"The Coke Industry of the United State.<! as Related to the
Foundry." The bulletin was written by Dr. Richard Moldenke,
Secretary of the American Foundrymen's Association,

Now, not all cokes have the same cell space, and, more-

over, cokes differ in percentage of ash, etc. Hence a

given weight of coke varies greatly in volume, and

consequently the behavior of charges of iron melted

with it also varies. The foundry man when changing

his brand of coke makes the mistake of believing that

the new kind ought to be handled in the same way as

the old. It may be possible to do so if the two cokes

have the same characteristics, but if they have not

the foundry man is certain to get differences in re-

sults, which he usually ascribes to sulphur, high vola-

tile, black ends, and what not. His coke dealer then

hears from him. This difficulty is so marked that even

when the same brand of coke is bought the year round

and trouble results, investigation of the shipments

often reveals substitution of coke from different com-

panies located in the same general region. Furnaces

have this difficulty to contend with more particularly.

It is therefore highly important that the foundry-

man get his coke from the same ovens and the same

coal mines—in fact, have it as nearly the same as it

can possibly be made ; if a change is desirable or nec-

essary he should be informed, so that he can adjust

his work to the changed conditions.

In this respect the retort-oven coke has a great ad-

vantage. After the coals have been contracted for and

the proper mixture has been established, the result will

continue to be even as long as the coking process is

carried out uniformly ; and as the highest scientific

skill is available at retort ovens, there should be little

variation from the standard if the management hon-

estly wishes none.

Another advantage of retort-oven coke is the size

and shape of the lumps. A retort oven is narrow, and

the coking of a charge proceeds from the walls to-

ward the middle ; the result is a mass of coke that,

when quenched, breaks into short, thick pieces. The

absence of thin fingers is decidedly noticeable. In com-

parison, the lumps of standard grades of beehive oven

coke are generally longer and thinner. Moreover,

makers of retort-oven coke have carefully sorted the

product before shipment, so that it has contained little

breeze and the lumps have been of good shape. The

size of the lumps of fuel in a cupola charge has much

to do with the progress of the heat, and the absence of

thin fingers accounts in a measure for the remarkable

success of retort-oven coke when it was first used in

foundries. Charges of coke having lumps that are uni-

form in shape and size give results similar to those

obtained by using anthracite, which is marketed in

screened sizes, because the uniform sizing of the fuel
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permits an even and regular penetration of the bed by

the blast.

In order to adjust the process to the varying char-

acter of the coke used for melting in the cupola, it is

necessary not only to change the melting conditions,

for instance, by using a milder or stronger blast ac-

cording as the coke is light or heavy, but also to

change the relative weight of the metal and coke

charges on the bed. A foundryman using heavy

charges, though he may not know why. avoids coke

with a large percentage of volatile matter. Such coke

is necessarily underburned and light and ignites rap-

idly, spreading the melting through too large a vol-

ume. Very light charges will obviate much of this

trouble, as the bed of coke will be kept more nearly

uniform in height, and the melting will be done at the

proper point. A coke in which the volatile matter is

too high is virtually a gas coke and is too troublesome

for use in the foundry, at least for cupola melting.

It will serve well enough for all the other purposes."

Perhaps the custom that is just beginning to be in-

troduced into this country by coke companies of send-

ing out experts to teach foundrymen to use their par-

ticular brands of coke may obviate many of these diffi-

culties. The retort-oven coke people were simply

forced to adopt this plan, the appearance of their coke

being so bad, as compared with the magnificent Con-

nellsville product, that it took great argument to sell

it at all. It should be understood that the clean, silvery

appearance of beehive-oven coke as compared with

the dull black cast of the retort-oven product results

principally from the manner of quenching. In the bee-

hive the quenching is done within the oven, and as little

water as possible is used. In the retort oven the red-

hot charge is forced out and deluged with streams

of water as it drops into the receptacles for the coke.

Consequently the retort-oven coke contains much more

water than the beehive product. The formation of

steam in the cells and the condensation and conse-

quent drawing in of the water seem to hold it tight

within, and when once water is thus included it re-

mains. Coke exposed to rain will drain off the water

to a great extent, but the occluded water of quench-

ing stays. Sellers of retort-oven coke are therefore

rather sensitive on the subject of "moisture" in the

specifications, though it is hard to understand why
they should expect coke prices for water. In practice,

coke with a little moisture does no great harm in the

cupola, although the bed coke must be dry. There is,

of course, a thermal loss in driving moisture off, just

as there is a great saving in the blast furnace in the

use of artificially dried instead of natural air. Specifi-

cations for coke should therefore fix a maximum limit

for moisture, with a penalty for any above it, to insure

reasonable care in the oven practice, but this upper

limit should be such that good retort-oven coke can

readily keep within it.

Coke producers should therefore be urged to make

thorough melting tests with their coke, so that when

selling it they can advise foundrymen how to get the

best results with it. This plan would save enormous

trouble, as there are about 6,500 foundries using coke

in the United States and Canada, and but a very small

percentage know how to make comparative tests of

coke and draw conclusions therefrom that will guide

them in its proper use. There are, on the other hand,

comparatively few coke producers, or selling agents

for coke producers, and it would pay these firms well

to have a central testing station, or a sort of trouble

bureau, for coke tests.

The burning of iron in the cupola process, and in

fact every melting process to a greater or less extent,

is now becoming better understood. In years gone by

no one could be made to believe that such a thing was

possible. But anyone having to do with making the

iron silicates can realize how very little silica can carry

great quantities of iron to make a thin black slag. The

process can be watched very nicely in heating and forg-

ing shops, where billets of iron and steel are made

ready for the hammers. The modern regenerative

heating furnace keeps things at an extremely high

temperature, and hence a billet once up to heat must

be removed and worked quickly, as otherwise it will

"waste away" very rapidly. In fact, if the furnace is

too hot the outside of the billet will often be ready

when the inside is still too cold, so that wasting from

the surface takes place and cannot then be avoided.

The surface of the billet becomes oxidized or scales

heavily. The scale drops off, and on touching the

white-hot sand of the bottom unites with it as a silicate

of iron in the form of a thin slag that runs off. Care-

ful operators try to keep this wasting action down to a

minimum, and they collect the slag in pots, selling it

to blast furnaces. It contains over 60 per cent of iron

and is therefore rich, though it requires much lime-

stone for treatment if large quantities are used.

In the bottom of the open hearth furnace pools of

iron often remain after the heat is drained out. These

pools oxidize rapidly, burning away with a fine dis-

play of sparks, the oxidized material uniting with the

sand bottom and making a temporarily dark spot. This

action is observed especially in the malleable process

with the open hearth furnace. In the Bessemer process

the burning of iron is so obvious that one has only to

stand near the blow to be spattered with pellets rich in

iron. In making pig iron one has only to note that the

same size of furnace that makes a given quantity of

good "honest" pig iron for the foundryman is made to

yield very much more pig iron when forced. Iron made

thus must be oxidized slightly and produces castings

weaker than they ought to be. Even in the cupola the

scintillations can be seen as the drops of metal find

their way to the bottom. The exact degree to which

the oxidization thus brought about affects the product

depends on the rapidity of the stream downward, the

conditions of the blast as regards unconsumed oxygen

at the point where the iron is melted, and the conse-

quent condition of the metal itself. If the metal is oxi-
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dized even slightly, its melting point is raised, and it

will drop more sluggishly and receive more damage

from the blast farther down. Hence the importance of

nicely balancing melting conditions by proper atten-

tion to the coke and charging.

In the coke-melting tests at St. Louis another mat-

ter carefully watched was the quality of the metal cast.

In every test that showed high melting loss the castings

were observed to be full of pin holes near the surface,

and in some tests the metal was like a big sponge.

Though the silicon necessarily ran low with repeated

remelting, enough remained to keep the body of the

metal gray ; but whenever the iron was burned the

fins on all the castings were white.

Long experience in the foundry business has taught

the writer that whatever cause may be put forward

for such defects in castings as pin holes, excessive

shrinkage, draws, and cracks, and for others due to the

metal and not to the molding, practically all of them

can be traced back to burned iron. Whenever steps

have been taken to correct the cupola practice, these

troubles have disappeared. Pin holes are due, not to

the inability of the air to get out of the molds fast

enough, but to the yielding up of dissolved gases in the

iron at the moment of set. The first thing that hap-

pens in the mold, if the iron poured is not much over-

heated, is the setting of a thin skin of metal against

the sand, and hence these gases in going upward and

outward to escape strike the thin shell that has set and

stay there. When the casting is put on the planer and

the skin is removed the pin holes make their appear-

ance and the casting is condemned. Such an outcome

is particularly annoying with respect to fine varieties

of rolls, on which an unblemished surface is absolutely

necessary. When the metal is badly burned, as, for

instance, in low-silicon heats for malleable castings,

the formation of gas is so strong that the casting is

honey-combed, not with pin holes as in the high-silicon

iron, but with blowholes half an inch across, and the

interior surface is black from oxidation.

As a further difficulty, if the metal is oxidized even

very slightly its melting point is raised considerably, so

that it readily freezes or, as the foundryman has it,

loses its "life," and the ladles "skull." As a conse-

quence, in pouring the gates freeze up and the castings

are .short poured. If the casting has been poured,

the molten metal may be cut off so quickly that in-

terior shrinkages are more than likely to occur, as no

feeding can take place.

Finally, burned metal is very weak. It seems as if

a coating of oxide gets between the several crystals, so

that their tenacious grip on one another is lessened.

Hence casting strains find the metal unprepared to re-

sist and a crack is the result.

A little oxygen can do an immense amount of dam-

age. The very worst bumed iron ever seen by the

writer contained only a few hundredths of I per cent.

The evils of high sulphur are as nothing compared to

it. Hence only a very small amount of aluminum or

titanium is necessary to make the correction, more

than O.I per cent seldom being required for addition to

the ladle to produce the desired deoxidation.

All the facts outlined above show how important the

subject is and why the ferro alloys are becoming such

a factor in casting practice. However, prevention of

this burning or oxidation is better than its correction

afterward by means of alloys of iron with titanium,

aluminum, manganese, and silicon.

Unfortunately, we are still in the dark regarding the

actual processes in the cupola. Until means are pro-

vided to take accurately temperatures as well as sam-

ples of the gases formed at every point within the

•active part of the working end of the cupola we shall

have only theories. It is to be hoped that some day an

experimental cupola will be erected and specially ar-

ranged for such tests, so that deductions based upon

determined facts may be made. In the absence of the

necessary data only conjecture is possible ; neverthe-

less, the processes described in the following para-

graphs seem actually to take place.

Inasmuch as only the top of the coke bed is effective

for proper nonoxidizing melting if it was made right at

first, the question arises why it is the prevailing prac-

tice to make the first lot of metal several times as heavy

as those succeeding. The obvious reason is plausible

enough at first glance—namely, that a lot of metal

ought to go on top of a lot of coke in the bed. It is

forgotten how little of that big bed of coke really does

the work of melting.

The damage caused by the big first charge of iron

may best be shown by figures. Let us assume that

every I,coo lbs. of iron in melting uses up one inch of

the coke bed. If the first big charge of metal is 6,000

lbs., 6 ins. of the coke will have been burned away

when the metal is melted. If iron is really damaged

by oxidation, the last 3,000 lbs. of that charge is not

quite so good as the first 3,000. Now, the first in-

termediate charge of coke comes down. Does that

restore the 6 ins. of the bed? By no means. It is

merely enough to melt the next and much smaller

charge of metal. Let us say it restores the bed 3 ins.

and disposes of a succeeding charge of 3,000 pounds

of metal. The bed, restored onl)' half way u]) to its

original position in the melting zone, burns down 3

ins. again in melting the second charge, nearly all

of that iron being melted at a point where it is affected

by unconsumed oxygen in the blast. This restora-

tion and melting is repeated until the end of the heat,

and the practical effect of the big first charge is to

give an inferior grade of iron for the entire heat, un-

less extra coke between the charges brings the bed up

to proper level.

Many foundrymen have recognized this point, and

now run their cupolas with charges of metal alike

from the first to last ; and the writer has persistently

advocated this method as the first step in solving the

problem of using all kinds of foundry coke success-

fully.
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But if there is any advantage in keeping the fluctu-

ations of the bed uniform, there is additional benefit

in making this fluctuation as small as possible ; hence

the writer's second recommendation is to make the

charges so small that the layers of coke are only thick

enough to cover the layers of metal, unless definite

knowledge regarding the range of the melting zone of

a cupola permits heavier charges.

Another very important point remains for discus-

sion. The bed must be of the right height to start

the melting properly ; otherwise all subsequent care is

useless. J\Iany foundrymen have adopted the method

outlined above of melting by small charges, most of

them successfully from the start, but others have not

succeeded until attention was called to the height of

their bed. Practically the only way to know when

this height is right is to observe the time between

"Wast on" and "first iron." Every foundryman knows

tiiat when this time is about seven to ten, preferably

eight, minutes, he gets his best results. So in deter-

mining the height of bed, if iron comes at a time with-

in these limits, it is safe to continue to charge as in

that heat. If the iron comes, say, in 15 minutes, the

bed is too thick; if it comes in four or five minutes,

the bed is too thin. Thus this matter can be attended

to at first. In a new cupola the bed can purposely be

made too thick in the first heat and reduced subse-

quentlv until the proper time of "first iron" is reached.

This "first iron" means the first metal running con-

tinuously just previous to "stopping up," and not the

few random drops that often come in five minutes.

Where in practice the tap hole is closed when the blast

is put on, it had better be left o]5en, for a few days,

until the action of tlic cupola in this res]:)ect is known.

In making the estimate of the correct time from

"blast on" to "first iron," it was assumed that the

charging was done on a fuel bed well burned through,

with all the wood consumed. The writer has noted

instances in which about a third of the bed coke was

put on and burned through. Then the remaining two-

thirds was added, the cujiola charged, and the blast

turned on. In such instances the first few minutes of

the observed time to "first iron" were taken up by the

fuel bed burning through and did not form any part

of the melting time. Iron in eight minutes was reall\'

iron in four or five minutes, consequently the results

were disappointing.

Too heavy a bed has nearly as bad an effect as one

too thin. The thin bed, as has already been explained,

has just the same effect as a very heavy first charge.

The entire process of melting throughout the heat

takes place too low down and in a more or less ox-

idizing atmosphere. If the intermediate charges of

coke used were not as a rule slightly heavier than nec-

essar\-. thus causing the fuel bed gradually to rise,

a low bed together with a heavy first charge of metal

would give serious trouble throughout the heat. As
it is, these conditions may account for nuieh of the

badness of the "first iron," commonly laid altogether

to sulphur.

On the other hand, too thick a bed unduly delays

the metal. The bed has to burn away, and while it

burns some of the stock melts slowly too high in the

cupola and hence is exposed too long to the influence

of the cupola gases. The melting is therefore slow,

and the iron may be slightly burned and is apt to be

cold. Slow iron nearly always means inferior iron.

The evils of too heavy initial charges are perhaps

most noticeable in air-furnace and open hearth prac-

tice, where a slow heat is an abomination.

If the bed is too thick, a heavy first charge of metal

keeps the succeeding charges of iron from melting too

high in the cupola and reduces the danger from burned

iron. The writer, indeed, has observed a number of

instances of excellent results obtained, with a thick

bed and heavy first charge, with very small interme-

diate charges. Such practice does not seem to hold

good, however, as some of the "first iron" will be dull.

Better have a proper bed of uniform charges.

It does not follow that burned iron always results

from very heavy charges. When the conditions be-

come such that the molten iron is attacked by oxygen,

the iron may be protected by the manganese in the

charge. .Silicon gives similar but less protection. The
foundryman merely has to remember that when the

metal is slightly too low in the melting zone of the

cupola the same conditions obtain, though in far small-

er degree, as in the Bessemer process, in which man-

ganese, silicon and carbon, and with them more or

less iron, are burned out. What the foundryman

should look to is that liis cupola does not become a

sort of converter during any part of the melt.

In conclusion, it may be said that the logical meth-

od of cupola charging after the bed is in would be to

do away altogether with separate metal and coke

charges, and yet keep the proper ratio of iron to coke.

This ratio can be maintained by weighing out metal

and coke in separate piles on the platform and charg-

ing a small quantity at a time from each ]Mle. after

the maimer of proportioning sand and facing mate-

rials. The claim has been made that this method, the

one used by our foundrymen forefathers, means

slower melting', but careful trial has shown that such

is not the case. However, the discomfort and cost

of the method will preclude its use.

The writer has advanced another suggestion, that

to reduce the cost of charging a cupola to a minimum

the charges should be made up in the yard. They

should be carefully laid in special charging buckets

with swinging bottom doors to drop the charges ex-

actly as laid. If the cupola is cut off at the platform,

one man in the yard with a reversible hoisting engine

and revolving jib crane can handle the charges. This

plan has been tried at a large foundry with excellent

results. A suitable hood and stack above the cut-off

cupola will carry off escaping gases.

The probable processes of a cupola heat have now

been considered, and the lessons derivable therefrom

if the assumptions are correctly made. In this de-

scription of a cupola heat, the foundryman may find
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suggested a method by which he can make use of

practically any kind of coke. If the coke is heavy

—

almost like anthracite — he can use fairly heavy

charges, as the fluctuations of the melting zone will

be slight. If the available coke is light, he absolutely

must take small charges, the smaller the better, for

large charges would result in too strong combustion

and perhaps in a red-hot coke near the charging doors.

The limit for lightness is set only by coke so light

that combustion takes place too rapidly and the iron

cannot take up the heat fast enough. This limit is

quickly found in practice. The methods of making all

varieties of coke, and particularly those made in re-

tort ovens, are now fairly well settled, and hence

foundry coke is made a specialty at only those plants

that can obtain the right kind of coal for the purpose

:

that is, these coke makers have coals of various kinds

available, which when ground and mixed give the de-

sired result.

As retort-oven coke, it is to be hoped, will be the

foundry fuel of the future, the coke makers, by care-

ful study of details, will probably bring about a very

uniform product, with so slight variations in compo-

sition and physical structure that a method of opera-

tion in the cupola such as that outlined above will

give uniform satisfaction to the user. In the mean-

time, however, we have to do with existing conditions.

We have coke with low and with high sulphur, coke

with low and with high ash, and occasionaly coke so

soft as to be very near the danger limit. By the very

nature of the process of making it coke cannot be uni-

form in structure, and only careful selection from

the ovens as they are discharged gives the foundry-

man what he is paying for. In brisk times this selec-

tion is likely to be made less conscientiously, coke

forks being discarded or their prongs made closer.

Many coke tests have shown conclusively that much
can be done to improve a coke by adapting the process

of making it to the requirements. This matter will

be treated more fully in another bulletin of the Bureau

of ]\Iines.

WATER-JET EXHAUSTERS.

The Chilean government has made extensive inves-

tigations for petroleum near Punta Arenas ; some oil

was found, and the surroundings seem to indicate pres-

ence of large quantities. Sufficient gas was found

escaping in one place to burn on ignition.

A consular report states that a company of Ameri-

can capitalists expects to commence the exploitation of

the deposits of phosphate rock and manganese on the

island of Margarita and the other adjacent islands, in-

cluding Orchilla and Los Roques in Venezuela. The
representative of the company, who has boring ma-

chines with whicli to explore the phosphate deposits

for the purpose of learning their extent, expects soon

to begin the work of extraction and to export at least

2,000 tons of this product monthly to the United

States. The output of magnesite on Margarita Island

will also be greatly enlarged.

These instruments work by a water-jet and create

nearly absolute vacuum. The water pressure may be

small, a head of 15 ft. is sufficient, but the capacity

as regards volume of gases moved, increases at high

pressure.

Thev are used to create vacuum in stills when dis-

W 'tjSBssikiiS

Fig. 1.

tilling under vacuum and are found superior 10

vacuum piston pumps where gases have to be handled

which attack metals; an additional ;ulvantageous feat-

ure is the simultaneous condensation of vapors. The
advantages claimed are: i, Reliability. 2, Cheap-

ness. 3, Simple Manipulation.

Fig. 2.

\" Ih c vacuum ami WIn Fig. I. D is the discharge

the pressure water.

The water-jet vacuum pump. Fig. 2, is actuated by

a water-jet which should have a pressure of 10 lbs.

or more ; this is obtained by connection to the city wa-

ter or other convenient source, or from a tank elevated

20 ft. above the working floor. In the latter case the
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water can be discharged into a tank below and pumped
over again. In manufacturing processes where small

volumes have to be handled, these instruments are

verv satisfactory ; also where the creation and main-

tenance of a vacuum to assist filtration, percolation,

evap>oration, distillation and condensation, either by

EFFICIENCY IN FUEL COMBUSTION.*

removal of air or the condensation of vapors is de-

sired.

The water-jet air compressors, Fig. 3, are used for

soldering purposes, forges, laboratories and the like.

The illustration shows one pattern of this apparatus

made for producing small quantities of compressed

air, such as are necessary for the above operations.

The upper part of the reservoir C is provided with a

water-jet air compressor and water enters this by the

opening E. The air is sucked in through the small

holes L at the side. Separation of water from the air

takes place in the reservoir, the water being discharged

from a syphon pipe. The air is discharged at P.

By use of this apparatus pressures of some feet

water column, varying according to the water pressure

available can be obtained.

For soldering work the apparatus is made to give

a pressure of 4 inches of water with a water pressure

of 45 lbs. (the usual city water pressure).

The water-jet exhauster shown on Fig. 4 is used

extensively for the following applications : Priming

centrifugal pumps : creating a vacuum on stills ; assist-

ing filtration, for creosoting tanks.

The pressure water enters at W, and air is drawn

in at \^ D is the discharge.

According to advance reports of the United States

Geological Survey the production of talc and soap-

stone in the United States in 1909 was 130.338 tons.

The average price of the rough was $2.90 per ton

;

ground, $7.54; sawed into slabs, $18.67; aifl manufac-

tured articles, $22.19.

By H. M. WILSON.t

In reporting for the Geological Survey on investi-

gations concerning the use of fuel in locomotive prac-

tice. Professor Goss stated that in the average loco-

motive furnace 20 per cent of the total fuel supplied

to the locomotives performs no function in moving the

train forward. In fact but about 40,000,000 out of

90,000,000 tons consumed in locomotives in 1906 rep-

resented heat transmitted from the furnaces to water

to be vaporized. Adding to this the losses by radia-

tion, in transmitting the steam power through the en-

gine to the axles, adhesion to the rails, etc., it is esti-

mated that of the latent heat value in the coal prob-

ably not over 5 per cent does useful work in moving
the trains forward, the remaining 95 per cent being

wasted. On the other hand, about 25 years ago the

fuel waste in power production in the average sta-

tionary plant in the United States showed a loss in

useful work of about 96 per cent and useful work
perfonned of about 4 per cent. Probably the best

performance at that time in stationary steaming prac-

tice was between 5 and 8 per cent. Today such power
plants as those of the Chicago Edison Co.. the Inter-

Fig. 4.

borough Rapid Transit Co. and others show useful

work performed by 10 per cent of the latent fuel value,

and an average for all stationary plants in the country

of 6 per cent. Think what means a saving of the

latent energy in coal of only 5 per cent, when only

this percentage does useful w-ork. This would mean
an increase of 100 per cent in work performed. With

an annual production of 500,000,000 tons this, alone,

represents a saving of 250,000,000 tons to get the

same amount of power. This at an average cost of $1

•From an address delivered December
Railway Club of Pittsburg.
tChief Engineer, Pittsburp; Testing Station. U

Mines.

1910. before the

S. Bureau of
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per ton is equivalent to $250,000,000 saved through

more efficient conversion of coal into steam power.

A quarter of a centur}- ago there was not a pro-

ducer gas plant in operation in the United States.

Today there are estimated to be 500 such plants, some

of unit capacity of 5.000 or 6,000 hp. and producing,

in all, nearly 120.000 hp. It is well known that pro-

ducer gas can be mamifactured from coals of such

low grades as to be valueless for steaming purj^oses.

thus saving that nnich higher grade coal for other

uses. It is also well known that, on the average, the

producer gas plant today converts into useful work

from 10 to if) per cent of the latent energy of the fuel.

tlie average being over 13 per cent.

Aluch of the coal discarded to the culm bank in the

anthracite regions has been recently proven a valuable

source of fuel, not only in the gas producer, but for

use in the boiler furnace by conversion into hard

nodules called bri{|uettes. By briquetting the waste

anthracite culm, and the slack left at bituminous

mines, a further source of fuel saving has been de-

veloped. So, also, within half a generation, further

enormous waste through the fuel gases of the blast

furnace, the coking oven, and similar appliances have

been proven unnecessary and avoidable.

Finally, whereas until recently it was customary in

mining to leave an average of 50 per cent of the avail-

able coal in the ground, a loss to all future time, and to

discard all other valuable coal prior to the more gen-

eral introduction of washing and sorting methods as

now practiced, it is conceivable that with better prac-

tice as evidenced in Europe, and with more favorable

commercial and transjx>rtation conditions these mines

wastes may be reduced to 25 per cent or less. This

would represent a saving to the future of one-quarter

of the present annual production of 500,000,000 tons.

For the above reasons the Congress of the United

States, and through it the Secretary of the Interior,

have directed that the recently created Bureau of

Mines shall devote its first energies to an investigation

of the problems connected with the mining, prepara-

tion and marketing of coal, and its conversion to com-

mercial use. \\'ith the results of the preliminary in-

vestigation^ beft)re them, and with the removal of the

micertainty surrounding the work of the Geological

Survey, due to the hand-to-mouth method of making

annual appropriations, it is now possible for the offi-

cers of the liurean of Mines to plan broadly ami deepl\"

for the future.

This investigative fuel testing work by the federal

government is not to be confused with that variety

of testing conducted by commercial institutions, rail-

ways, and power plants. These have as their primary

object the testing or development of the machine.

The investigations of the federal government have as

their primary object the better utilization of the fuel

resources of the country. The Bureau of Mines tests

are. therefore, not competitive or investigative tests of

the various makes of power pnulncer. but they have

in view the ascertainment of the best existing type of

commercial appliances in which to burn with highest

efficiency each separate variety of fuel. They are also

planned with a view to learning something of the

fundamental principles underlying fuel combustion in

various appliances, in the hope that thereby inventors

and manufacturers may develop improvements in

them.

The Bureau of Mines has another function to per-

form in connection with its fuel tests which has led

to much misunderstanding of its purjioses, and some

unwarranted criticism. Used as a testing laboratory

by the several hundred purchasing officers charged

with the procurement of fuel for the power plants in

hundreds of public buildings scattered from Alaine to

California, in the power plants of the Isthmian Canal

Commission, the steamships of the Panama Railway,

and the heating plants of the various military posts and

Indian agencies, the Bureau of Mines is charged with

the duty of protecting the government to the extent

of ascertaining that the quality of coal furnished b\'

contractors is the highest procurable under the specifi-

cations. Of over 400,000 tons of coal shipped annuall)

to the Isthmus of Panama, and 100,000 tons consumed

in Panama railway steamships, specifications calling

for an imnsuallv high grade fuel have been adopted

bv the government purchasing officers, as would be

done by those of any commercial institution which

aimed at economic business management. It would be

unprofitable to transport from the mines to the isthmus

the vast tonnage represented in an unnecessarily high

ash or moisture content. On the other hand, the

Bureau of Mines has been instrumental in the cases

of many public buildings throughout the United States,

and in the 40 odd buildings in Washington, in showing

how, by comparatively minor changes in existing

equipment or re])lacenient thereof, or different meth-

ods of manipulation therein, it is ])ossible to burn ad-

vantageously lower grade coal, bituminous coal or

buckwheat anthracite, in place of high grade expensive

steaming coal or furnace anthracite previously in use.

In one public building in \\'ashington, alone, it is esti-

mated that a saving of $15,000 was made by change

of furnace equipment, whereby buckwheat was substi-

tuted for furnace anthracite. In buildings there and

elsewhere the use of bituminous coal has recently been

introduced through the agency of this bureau, thus

encouraging, so far as possible, the use by the gov-

ernment of the cheaper low grade and com])ar3tively

waste fuels in place of the more expensive and scarce

high-grade fuels.

It is well known. ])erhaps. to many of you that

Avhen coal is contracted for and sold under some trade

name such method of sales gives little opportunity for

the purchaser to determine an inferior delivery in case

the vendor is short of the coal contracted for. More-

over, the purchaser would have little recourse in the

courts, especially if much of the coal has been con-

sumed. The Bureau of Mines, and its ]M-edecessor. the
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(.icoloi^ical Stiivfy, liavc i;(>ii>i>li.'iitly advocated the

purchase of mal on a s])ecilicati()n which tixcd tlie heal

vahie of ihe I'uel >>rtert'(l. Such an arrangement is

cniinenllN fair botii to -eiler and purchaser : the chem-

ical anal\>is determine^ the nunihiT of heal units, or

British tiiermai iniils, in the average sami)Ie, and ac-

cordingly as the delivery is above or below, premiums

or deductions are made in settlement. Xo (|uestion

need be raised as to the rejection of the deliverv fiir

the purcliaser will ])ay a less price for an inferior (lual-

it_\ . In other words, he will get what he ]iavv f' .r and

the ven<lor will be ])aid for what he sells.

Today the I'nited .States government, which.

through its many agents, is the largest >ini^le pur-

chaser of coal, buying annually an anionrji estimated

considerably in excess of 6,ooo,0(X) Um>. is procuring

3,000,000 tons of this on specifications fi.xing the num-
ber of J^>ritisli thermal units. The remainder of it-,

fuel purchases, chiefly tho>e for the na\\-, h.i\e 1)een

practically reduced to an e<|ui\alent l)a>is ihrouL;h the

tests and mine data furnished the na\\- purchasing

ofificers. .Vevertliele^s, thi,-- featme of the work of the

Bureau of Mines which, as pre\ioush' stated, ha^

brought some criticism of its apparent encouragement

of the use of only high-grade coal, is the least of that

bureau's o])erations in connection with fuel investi-

gations.

M;m\ hundred ^teaming investigations have been

made by the lliu'ean of Mines. These tests have been

made on horizontal return tubular and on water tube

boilers of standard make, used in the daily power ))ro-

duction at the Testing .Station here in Pittsburg. They
have covered such a wide range of fuels that the\ ma\-

be characterized as a combustion surve\- of the coal

of the United States. These coals are burned in fur-

naces in which the bal'tliug is changed front time to

time. The\- are hand-fired or mechanicalK' stoked.

with under-feed, over-feed or chain grate Moker-. The

draft may be natural, forced or induced, or a combina-

tion of the latter. It ha> thus been possible lo de-

termine in a preliminar\- wa\- wiiat t\pe of fiu-nace>.

how batiflcd. how fired, how stoked, and witlt what

draft, each coal should be burned in order th;it it may
produce the highest efilicienc\-, and emit the Iea>t

smoke. Similar investigations on Mime hundred co;d

purchases in different parts of the I'nited States for

use at army iiost^ have been condticteil on three ty|)es

and sizes of heating boilers: a small one for heating a

residence building or officers' ciuarters, a larger one for

heating a medium sized hospital or medical hall, and a

good-sized boiler for heating a large barrack buililing.

Tn the latter connection a series of tests is now in

progress to ascertain the most efficient and most

sinokeless metho<l of using the rlififerent coaK in a

horizontal return tubular hand-fired Iioiler of medium
capacity—50 horsepower.

In each test a mining engineer of the bureau sam-

I)les the coal as mined and as loaded in the cars

;

samples are taken when unloaded at the testing station

and as fired. A bulletin is in course of prejxtration

setting forth the result of the proximate analyses,

calorimetric determinations, and ultimate analyses of

nearly 5,000 mine samples, of w hich the origin and his-

tory is authenticated. With this information it is pos-

sible for the government representatives and it should

be for those of railway and commercial institutions,

lo predict the character of the coal which can be fur-

nished them from any mine in the United States,

riirough the luedium of the ultimate analyses it ha>

been possible to detect that coal specified by the name
of a colliery or coal field, for instance as ['ocahontas

.\, lid not come fr(.)m that seam, but from s(jme

other seam carrying a less high-grade coal, though

dr.iwii from the same shaft and through the same
li|)|ile.

In the course of these tests feed water is weighed

and analyzed, clinker and ash are weighed and ana-

l\zed, and fuel analyses and temperature measure-

ments ill the furnaces and in the fines are taken, lliese

data furnish ;ni invaluable index to the best method of

utilizing each co;d and for pointing the way for future

investigations along these lines.

The gas producer investigations, the briquetting ami

Coking investigations ha\e been accompanied by sim-

ilar care in fuel sam])ling, and in chemical and phvsical

analyses and measurements.

With fixed approjjriations and the permanency of the

work better assured, the Bureau of !\Iines has, since its

organization in Jnl\' last procured the equipmetit and

commenced investig.'itious of a more fundamental na-

ture based upon these |)reliminary tests. An exag-

gerated furnace, named a long combustion chamber,

has been perfected and i)ut in operation. This is

nearly 45 ft. in length from the fire door to the boiler

tubes and appro.xiniately 3 ft. in rectangular inside

cross-section. The inner lining is of fire-brick, sep-

arated by an insulated s]iace from the outer portion of

common brick. .\t every 3 ft. of its length are peep

holes and work holes where the appearance of the

flames may be observed, and the temperatures meas-

ured and gas samjjles taken from any part of the cross-

section. In all. ^fi simultaneous gas samples may be

taken in ditt'crent parts of the furnace.

In this ap])liance coals will l)e burned under fi.xed

c<inditions of firing and draft, and it is believed that

many of the fundamentals of fuel combustion will

here be better develo[)ed. It should be possible to de-

termine just what length of furnace is necessary to

procure the most efficient mixture and highest tempera-

ture in the fuel gases from any coal, and that neces-

sarv for the emission of the least smoke. These first

investigations will lie followed by others in which dif-

ferent arrangements of baffling or different cross-sec-

tions will be given the combustion chamber. The pres-

ent cross-section is not unlike that of a locomotive, and

the results should, therefore, be of \-alue to those

interested in locomotive practice.

Having investigated i^roducer gas generators of

commercial types, the Bureau of Mines has just com-

])leted the installation of an experimental producer <if
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moderate size which may be operated either as apres-

sure or as a suction producer. It is so arranged that

gas samples and temperatures can be taken at various

points in the fuel bed, the formation of clinker be

studied, and the problems concerning the efficiency of

the fire-brick lining, and the several processes which

take place within the producer can be thoroughly in-

vestigated. The preliminary tests in this apparatus

will have to do with the effect of depth of fuel bed,

different ratios of air to steam, and with different rates

of combustion with various types of fuels.

In the producer gas tests heretofore run no diffi-

culty has been experienced in making runs of a week's

duration on any fuel, including the most volatile bitu-

minous coal, lignite and peat. Comparisons of the

several hundred tests run on coals from different parts

of the country in the steam boiler and the gas pro-

ducer, are most interesting. The gas producer oper-

ated in the best way with West Virginia coal pro-

duced 3.3 times as much efficiency as did the steam

boiler of the best type operated on the same fuel in the

best way in test practice. The lowest grade of lignite

developed, in the gas producer, about the same effi-

ciency as did the best steaming coal under the boiler.

The preliminary briquetting tests have proven the

value of this manufactured product as a substitute

for run of mine coal under certain conditions. The

coal is ground and mixed with a small percentage of

binder, usually five or six per cent of pitch. It is then

heated and briquetted under a pressure of one or two

thousand pounds per square inch. These coal

briquettes burn from the outside, giving off the vola-

tile matter slowly and coking as the combustion pro-

ceeds until the entire briquette is consumed. They

burn much as does furnace anthracite. A number

of carloads of lignite each from Texas, Colorado and

Dakota have been successfully briquetted at the Pitts-

burg Testing Station of the Bureau of Mines. For

this purpose the lignite is disintegrated, then dried to

free it of excessive moisture, and is then briquetted

under great pressure, about 20,000 lbs. per square

inch, the resulting briquettes being as firm and hard

as anthracite. They are especially well adapted for

combustion in locomotive or in house heating fur-

naces and ranges. This fuel, like slack coal, may be

had at the mines at about $1 per ton; adding $1.50 for

manufacture and binder, a product is obtained at $2.50

per ton at the mine, which compares favorably with

high-grade bituminous or anthracite coal. Since the

government and the railways own some million of

acres of lignite in the West, this will undoubtedly

be an economical source of coal supply when its

manufacture on a commercial scale is perfected. ^lany

of you will recall the conditions under which, a few

years ago, a coal famine occurred in mid-winter in

North Dakota. This was due, in large measure, to the

reliance of that region on the slack coals of neigh-

boring states, which could not be carried long in stor-

age and called for daily deliveries. Heavy snow

drifts impeded transportation and the resulting suf-

fering ensued. Briquetted lignite from local sources

can be carried in storage throughout the winter

months.

The damage which smoke inflicts each year in the

United States has been estimated to amount to several

hundred million dollars annually, the destruction of

merchandise, the defacement of buildings, the injury

to animal and plant life, and the greatly increased

labor and cost of housekeeping. The Bureau of

Mines has given much attention to this question

through the medium of its combustion tests of coal.

The tests made indicate clearly that the production of

smoke in stationary power plants is unnecessary when
proper equipment and operation are provided ; that,

though bituminous coal will produce more or less

smoke in many types of furnace, that practically every

coal can be burned smokelessly and, therefore, with

increased efficiency in some existing type of furnace.

Smoke reduction is largely a question of recogniz-

ing the fact that there are very many kinds of coal

and that each requires a different combustion cham-

ber, rate of draft, grate area, and method of stoking,

to produce from it the most efficient and smokeless op-

eration. For railroads the problem of smoke abate-

ment is a much more difficult and complicated one than

for stationary power plants, as it is also in certain fur-

naces and smelting operations. Fortunately we are

coming to realize that the emission of smoke is not the

badge of prosperity it has in the past been thought, but

is, on the contrary, a sign of inefficient or ill-directed

management. In the practical solution of the smoke

problem a fatal error to be avoided is the enactment of

a stringent ordinance. Such measures elicit only

antagonism. The real campaign must be one of

education.

The following information concerning a wild cocoon

silk reeling mill, established by the South Manchuria

Railway at Fushimidai, Japan, is from a local news-

paper: "Everything at the Fushimidai silk reeling

mill is, to a certain degree, in an experimental stage,

and it will take eight months more to complete its first

working year before its status can be assured. The

great difficulty has been the training of the unskilled

hands, and for their encouragement a group has been

receiving wages for actual work done. Should this prove

satisfactory, the system will be applied to the whole

force. The present wage scale for thei40workinggirls,

of whom 80 live in the quarters provided by the com-

pany and 60 with their friends in the town, begins with

20 sen (10 cents) for apprentices and goes up to 50 sen

(25 cents) for the best workers per day. The mill

will be placed on a self-supporting basis when, with

200 reeling hands, it can turn out 100 kin ( 133 pounds)

of wild cocoon silk per day, which is considered

feasible, and quite within their reach when the hands

have acquired sufficient skill."
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THE HEAT-TREATMENT OF BRASS.* C, after which the elongation decreased as the

anneahnr;- temperature became higher. Grard also

By G. D. BENGOUGH, M. A., AND O. F. HUDSON, investigated the effect of varying time of anneal-
'

ing for the lower temperatures, and found that

OBJECTS ^^ 3°°° ^' °"^ '^°"'' ^^'^^ required to produce any

T-, K- f i- .1 ^ • * *• noticeable change in the strength or ductility, while atIhe objects ot the present mvestigation were: „ ,-, ,• ^ •

q- , , ,, n- . r , . ^ , , „ ,
400 L. anneahng for ten mmutes was sufficient to

1. lo study the eftects of heat-treatment on rolled
, , , ^, ^

, , _ u c ^- J produce a marked efifect. For temperatures above
and drawn yoi'io brass or varymg size of section and . „ ,, , ^ „ ^ ..

r u \. I t A u jcc .
about 500° C. to about 650° C. annealinc: for more

of somewhat varying character, as made bv different
, , ,,,-,., „

r , ' than one hour had little further efifect on the strength
manufacturers. . -i- -• , 1 ,

T^ ^, ,• , ^ ^, ,. - .,,
or ductility. Grard also e.xamincd the microstructures

2. io throw some light on the question ot burn- , , , , , , ,

,. T- .1 jr ^1 . 1
"' t"^ annealed bars, but his work throws little new

ing. boT the purposes of the present paper a sample ... , . , ,

- , . . , 1 , , ,
'

I •. , •,• hght on the question of burning,
of brass is considered to be burnt, when its ductihtv. ,-. ,„„.,,

, , ,, ^ I x^- , ,
' Lubillol sets forth his experience as a manufacturei

as measured by the percentage elongation, has been , , . .
, , ,

, J u 1 \. .1 i ^
'^i brass for cartridge and other purposes, but gave no

lowered by heat-treatment. , ., ^ . , 1 1 •
s

details of experimental results. His paper deals with
HIST0RIC..\L.

g^g^j ^jjj[.|gj. ji^^j^ ^^^jgg

The most important researches on similar subjects

have been carried out by Charpy, Grard, and Cubillo. , ,. ^ ^^"le i (.\).—70:30 br.\ss.*

^, , , . , • , . ^ . . .
Annealing Temperature. Maximum Stress.

Gharpy s work,y which consisted of an investigation Dcgs. Cent. Tons per Sq. In.

into the constitution, structure, and properties of „„" ^1-4
200 ,32 5

alloys of copper and zinc, included a number of ex- 280 29.^

periments on the effect of annealing on 70:30 brass. ^20 21.C

His results are given in Table I, and may be com- 560 19J)

pared with those obtained by the authors. His con- 600 17.4

elusions on the question of burning were as follows

:

730 18 g

(i) 70:30 brass made from pure copper and pure zinc '^80 18.2

was not burnt after annealing at 900° C. (2) Ordi- 350 Ig'o

nary 70:30 brass (0.15 per cent tin and 0.2 per cent "i:^;.,pys Results.

lead) is burnt by heating to 800° C. His results, how- t.«ible i (b).—70:80 br.\ss, with 0.15 per ci;.\t ti.nt .\nd 0.2 per

ever, were not very definite, and he only examined '^^^'^ lead.*

4.u„ ..„ t- r ii ^ c r i. i.
Annealing Temperature. Maximum Stress. Elongation.

the question from the point of view of temperature. oegs. Cent. Tons per Sq. In. Per Cent.

The authors, on the other hand, have endeavored to _ 39.4 3.8

ascertain by what means the temperature has effected '*,gg
^o'l 573

the deterioration in properties—whether by volitaliza- 620 19.0 60.8

tion of zinc, by excessive crystalline growth, or by y3q jgQ go'o

mere loss of cohesion between the molecules at high 860 17.5 57.0

temperatures, in which case permanent deterioration
'^'^ ^^-^

may result from careless handling. The influence of 'Ciiarpy's Result.-^.
^

time has also been taken into account.
_ ,, , . . , ,. ,

MATERI.'KL USED IN THE PRESENT RESEARCH.
Grard si experiments were mainly directed to ascer- \ -,y ,1 r i- 1 •

, j.....
, rr , ,

-"T- ?4-in. round bar of ordinary high-grade 7o:-50
taining in a quantitative manner the eftect of work on , i- j • xi 1 1 n 1 j-.- i_

, , , ,.,,.. brass was supplied in the hard-rolled condition by a
a-brass, and the exact temperature at which that effect ,, , r tu- i. ^ ^ ^ ^

' ,. ^ ^, well-known firm. Ihis bar was cut into test pieces,
was removed. With a constant annealing time of fifty 1 .^ , r- 1 t, ^ 1

^- ^i j-
, . .

, ^
*' ^ -' lettered G, and may be taken as representing the ordi-

minutes (using testing bars of =52 sq. mm. and 00 sq. , r t,. 1
^

• N , ... . , ., nary 70:30 brass of commerce. Its analysis was as
mm. m cross section) the elastic limit was found to fall r „lollows

:

off very slightly up to 200° C., then more rapidly to p^^. ^^^^
300° C, and beyond that temperature more slowly Copper 71.0

to 825° C., when it was very small. The breaking load
j^^^^ qo?

was practically unaffected below 275° C. but between Iron 0.2

275° C. and 300° C. it fell off rapidly, and then more To compare this, another bar of .i4-in. round hard-

slowly to 900° C. No effect was produced on the rolled 70:30 brass was supplied by another firm. This

ductility as measured by elongation by annealing tem- bar was cut into test-pieces, lettered HB. Its analysis

peratures up to 250° C. From 250° C. to 300° C. was as follows

:

there was a rapid increase in the elongation, and Per Cent.

from that temperature a regular increase up to 285° ^PPP"^"" (!?•'*

Fiom a paper read at Glasgow meeting. Institute of Metals, Lead 1,1''
Sept. 21-23, 1910. and reprinted in Tlie Metal Industr.v. Iron 0.15
^^tBulletin de la Soci«te d' Encouragement TEtude des Allia-

j^ ^jjj ^^ ^^^-^^^ ^^^^ ^j^j^ ^jj^^ ;^ ^^ UnuSUal purity.

?ingi'n%er1ng.'oc\ob1.r-2" W05^''"°'"'-
"^ """• The same firm also supplied to the authors a third bar.
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B, of similar material, having the following analysis

:

and, in consequence, there is much greater numerical

Per Cent, loss of strength between these temperatures. Never-

Copper f*^' theless, for temperatures between 500° C. and 800° C,

J^l^
[\[\'/,\',y,\'.'.]'.'.'.'.'.'.'..'.'....... ..... ... trace the strength of the KB test-bars is in all cases su-

Iron *^-2
perior to that of the G bars, though the superi-

This bar was i-in. round, and was in a softer state
^^.j^.^ gradually diminishes as the temperature rises,

than the others. It was mainly used for some expen- ^^^ j^^^ disappeared at 850° C. As regards the wire,

ments on the effect of prolonged annealing at high and
^j^^ strength falls oflf uniformly from 500° C. to 900°

other temperatures. q and is, for all temperatures, less than that even of

.Ml the material was such as is supplied by the
^.j^^ q j^^^.^^ ^j^^ difference increasing as the tempera-

manufacturers in the ordinary way of business to their
^^^^^ ^.j^^^ j^ ^^jH ^^ ^^^^ j^^^^j. ^^^^^ prolonging the

customers. time of annealing has the effect of lowering the

SCHEME OF WORK. Strength of a bar ; it would also seem from the above

The bars as received from the makers were cut to
^^^^ decreasing the section has a similar effect. The

9-in. lengths, turned into test-bars, and heated in elec- — —
trically-heated tube furnaces, the temperatures of t.^ble m.—mechanic.\l tests, bars c, half-hour annealing.

which were ascertained and controlled by thermo- || ^
electric pyrometers. After annealing, the bars were ^.|| | a ^ ='^ -s ^ os
withdrawn at a dull red heat, cooled in air, and |a|

^|^ |^.|^ |g ||| gc^

tested in the ordinary way. Before testing, a piece f%< !§; |||'; if |^s ^s|

G As rolled. 21.5 25.0 35.0 65.0 Smooth.
YABLE II.—MECHANICAL TESTS OF EARS HB.

015 % hour, 285° C. 20.9 25.6 35.0 66.0 •;

-i GIO % hour, 350° C. 18.4 25.2 38.5 53.0 | fou|h'enecl.

^•^1^ i g § . -^ G17 ¥2 hour, 400° C, 16.3 24.6 40.0 53.5 Smooth.

. P.ll Pd ii= i|i |S| il G18% hour, 500° C. 5.8 20.9 67.5 74.5 /roSened.
s Sip Sll g^f^ It^ g^S ISl G21 V2 hour, 725° C. 4.3 18.5 80.0 75.0 Roughened.
^ hSsh5 xyrr. •Zv.i'j, Kt.3 0=6. K=^

G2(i V2 hour, 920°-925°C. 3.7 18.2 78.0 63.0 Cracked.

.-IB As rolled ^ 3L5 31.7 19.6 65.0 Smooth
^^^^^ iv.-mechanical tests of wires.

^m0^ihou;:45^°C 11:3 ti -51:0 7i:5
-

^^ ^
Treatnient, Time, Yield Point. Maximum Elongation,

HBl Va hour 500° C. 12.4 23.2 t41.0 72.0
" Mark. and Temperature Tons per Stress P" Ce"t.

HB2 ¥2 hour 570° C. 9.6 23.4 60.0 77.0
"

^^^^
of .j\nneahng. Sq m. Tons per Sq, In. on 2 In.

HB3 y2 hour, 6.30° C. 6.5 21,0 65.0 75.0
" WO .As drawn 2o\ J.xS 15.o

HB12 y^ hour, 6.57° C. 5.3 20.95 68.0 81.0
" ^VO As drawn 22.0 25.0 19.0

HB4 %hour.660°C. 6.4 20.5 76.5 80.0
- W5 y2hour,2ho C. 22.5 28.o 20.0

( Vprv sihrhtll W14 y2 hour, 320 C. 19.9 iQ.i 25.0

HB5 % hour, 680° C. 5.4 20.2 70.0 ' '-0
/ roughened

' WIG yzi hour, 3-50° C. 18.2 26.2 30.5

HB6 % hour, 702° C. 5.120.0 76.0 77.0
'

•• ' WIO % hour, 405° C. 8.5 20.7 45.0

( Sliffhtlv v^8 % hour, -dOO C. 0.2 18.1 54.0

HBll ya hour, 754° C. 4.8 20.3 72.0 80.0 | roughened W9 yz hour, 570° C. 6.6 18.4 55.0

HB7 % hour, 765° C. 4.1 19.8 79.0 70.0
" W4 % hour, 630° C. 4.3 17.1 58.0

HB8 y2 hour, 808° C. .'U 18.4 81.0 75.0 Roughened. W2 y2.hour,6or C. 2.8 b.4 55.0

HB13 y2' hour, 847° C. 4.0 18.8 77.0 73.0
" Wl Vz hour, 660 C 3.8 6., *53

HB9 y2i hour, 900° C .3.3 17.7 83.5 70.0
" W< % hour, 680 C. 3.2 16.5 58 00

W3 Vi hour, 702 C. 3.1 16.4 63.0

tBroke outside gauge marks. Wll % hour, 754° C. 3.8 15.8 63.0

r r W2 %'hour, 76o C. 1.9 14.( 01.0

, , . . r • . W6 y2 hour, 808° C. 3.1 15.3 59.0
was cut from each test-bar for microscopic examina- ^yjg y2hour, 847° C. 3.8 15.5 59.0

tion. With a view to ascertaining the influence of size W5 % hour, 900° C. 4.1 14.3 53.0

c ^. .J T/ • J- . • tu W26 % hour, 925° C. ... 12.9 25.0
of section, a hard-drawn J^-in. diameter wire of brass -^25 2hours, 910° C. lO-". 'So

similar to bar G was annealed at the same time as the
^ ., T^i- fii- • it.ij- *This bar showed signs of melting.
test-bars. 1 est-pieces of this wire were also heated in 5 2

an electric resistance furnace to temperatures between corollary at first sight would seem to be to proportion

.^00° C. and 600° €., and tested while at these tem- the time of annealing to the section of the bar, and so

peratures. Various subsidiary sets of experiments to avoid burning thick sections by annealing at higher

were also made, particularly on the question of temperatures. It will be seen later, however, that time

"burnt brass.

'

is at least as important a factor in burning as tempera-

EFFECT OF .\NNEALiNG TEMPER.\TURE. ture. It does not seem, therefore, that any decided

The results of the ordinary tensile tests on bars and advantage can be claimed for the method suggested

wires annealed for half-an-hour are given in Tables II over the rival one of proportioning the temperature to

to IV. From these results the following facts are the section. As a matter of fact, both plans are used

evident: in works, some managers favoring one and some the

M.\XIMUM STRESS. Other.

1. In all cases the maximum stress increases with yield point.

rise in annealing temperature up to about 300° C. It 2. The yield points given in these tables are the

then falls off rapidly to 500° C. The HB bar evidently stresses required to give the first noticeable elonga-

had received more work than the G bar or the wire, tion, but, except in the case of the bars as hard-rolled.
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and in a few other cases, the yield point is not very

sharply defined.

ELASTIC LIMIT.

3. It was thought that it would be interesting to

make a determination of the true elastic limit in the

case of one of the alloys used, and to ascertain wheth-

er any definite load e.xisted which could be strictly re-

garded as a sharply defined yield point ; also, if it ex-

isted, what relation this had to the elastic limit. This

determination was made on the B alloy, using a bar

with screwed ends, 16 ins. long and 12 ins. between

shoulders. The elastic limit is at 8.35 tons per square

inch. The yield point cannot be strictly defined, but

the extension which occurs at 12.5 tons would probably

be the first which would be easily recognized in ordi-

nary testing. It was thought that it would be interest-

ing to make a few experiments as to the efifects of a

period of rest, and of very low annealing temperatures

on the elastic limit. The results obtained are shown

in Table \^ It will be seen ( i ) that a prolonged period

TABLE V.—DETERMINATION OF ELASTIC LIMIT, BAR B. DIAMETER
OF TEST riECE, 0.781 INCH.

No. of Elastic Limit, Yield Point,

Loading. Treatment. Tons per Tons per

Sq. In. Sq. In.

1 As rolled 8.35 12.5

2 8..35 14.0

a 12 davs after No. 2 8.35 15.2

4 1 hour, at 00° C 8..35 15.4

5 1 hour, at 210' C 5.0 7.0

of rest raises the yield point; (2) that annealing for I

hour at 90° C. has no effect whatever; and {3) that

annealing for I hour at 210° C. has very considerably

lowered both elastic limit and yield point.

EL0NG.\TI0N.

4. In all cases the elongation is not much aft'ected

until an annealing temperature of 300° C. is passed.

Just above this temperature a very rapid increase oc-

curs in the case of the wires. In the case of the bars

the rapid increase sets in at about 350-400° C. Here

again an increase in size of section seems to require a

longer time of annealing to produce similar result;'.

The ma.ximum elongation is reached with an anneal-

ing temperature of 750° C. for the wires, and with ap-

proximately the same temperature for the bars G. In

both these cases a diminution seems to occur with an-

nealing temperatures above 800° C. For the HB bars,

on the other hand, the elongation appears to increase

regularly up to a temperature of 900° C.

INFLUENCE OF TIME IN ANNEALING.

The above remarks apply only to bars annealed for

half an hour. The tests given in Table IX were made
for the purpose of comparison with the tests re-

ferred to.

In the case of bars B. i. e., of the brass free from tin

and lead, annealing for one week at 440° or seven

hours at 665° C. has practically no effect. .Annealing

for twenty-four hours at 750° C. causes a lowering

of the maximum stress, but the elongation of 81 per

cent on 2 ins. indicates that the alloy is not injured by

this treatment. Similarly it will be noticed that anneal-

ing for twenty-four hours at 810° C. although causing

AL ENGINEER 23

a still further lowering of the maximum stress, has not

produced any effect that indicates "burning." Bar B9,

which was annealed for only six hours at 840-850° C,
shows a marked lowering of the elongation and con-

traction of area, and has suffered by this treatment a

distinct deterioration. Lastly, an annealing for seven

hours at 900-910° C. has resulted in a further very

noticeable weakening of the material, accompanied

by a pronounced loss of ductility. A comparison of the

mechanical properties of bars B17 and B9 with those of

TABLE



24 THE CHEMICAL ENGINEER Vol. XIII. No. I.

the presence of reducing gases is at any rate not a pre-

dominant factor in the production of burnt brass, since

anneahng in an oxidizing atmosphere produces very

similar effects.

The authors wish to express their acknowledgments

to Mr. F. H. Hummel, M. Sc, for his assistance and

interest in many of the tensile tests detailed above.

LOSS OF ZINC BY VOLATILIZATION.

It has been suggested* that loss of zinc by volatiliza-

tion may be one cause of the phenomenon of burning.

The following experiments were therefore made to test

this : Turnings were taken at various depths from the

exterior of certain of the bars after they had been an-

nealed at the higher temperatures, and estimations of

the percentage of copper made on each sample taken.

The results are recorded in Table VIII. It will be seen

that the exterior layers, to a depth of 1-64 in., showed

an increase in the copper (i. e., a loss of zinc) of 1.5

per cent after being annealed for half an hour at 850-

900° C. The loss of zinc decreases as the distance

from the surface increases, and at a depth of about

1-16 in. the loss of zinc by volatilization is almost

T.\BLE Vni.-

Bar.

G2

G27a

HBO

HB6

-LOSS OK ZINC BY VOL.\TIUZ.\TION.

Distance from Percentage of

Treatment.
Annealed for 2% hours at

920°-930° C. in a reduc-

ing atmosphere

Annealed for 1 hour at

930° C. in an oxidizing

atmosphere

Surface. Copper.
0-1/64 in. 76.7

1/64-1/32 in. 75.3

1/32-3/64 in, 72.3

3/64-1/16 in. 71.5

1/16-5/64 in. 71.2

Annealed for
900° C.

700° C.

V2 hour at

0-1/64 in.

1/64-1/32 in.

1/16-3/32 in.

0-1/64 in.

1/64-1/32 in.

1/.32-3/32 in.

3/32-1/64 in.

0-1/64 in.

1/64-1/32 in.

1/32-3/64 in.

3/64-1/04 in.

75.7

74.4

70.6

70.8

70.0

69.7

69.4

69.9

69.7

69.8

69.5

negligible, l-'or a bar, such as HB6. which was an-

nealed for half an hour at 700° C, the loss is small.

and amounts to only 0.5 per cent on the exterior layer

of 1-64 in. For a longer annealing time, and for bars

that were known to be distinctly burnt, 'the loss of zinc

was considerably higher, amounting in one case (G2)

to 5.5 per cent. It will be seen that this loss is approxi-

mately five times that lost bv HBq. which was annealed

at about the same temperature for half an hour. But

even in this case the loss of zinc by volatilization almost

ceases to be a])i)reciable at a very short distance from

the surface of the bar. and consequently the ratio of

zinc lost to total zinc originally present must be small.

Moreover, the zinc does not appear to be removed by

violent evolution, but by gentle diffusion and evapora-

tion from the surface. It seems to the authors prob-

able that the removal of zinc is not a primary cause of

burning, hut merely an accompaniment of that phe-

nomenon. To a very limited extent it occurs also at'

ordinary annealing temperatures.

TESTS AT HIGH TEMPERATURES.

It is thought that it would be interesting to carry out

a series of tests on one of the alloys at various tempera-

tures, so as to afford a comparison with those of the

similar alloys which have been merely annealed at a

high temperature and afterwards tested cold.

The method used for carrying out these tests was as

follows : A length of wire was clamped at the top end

and heated in a vertical electric resistance furnace.

From the bottom end of the wire a stirrup was hung

on which could be placed a series of standard weights.

It was found that the speed of loading had a consider-

able eft'ect on the maximum stress, especially at the

higher temperatures. The figures for this property

correspond to the load required to break the wire in

from 15 to 20 minutes. It was found that any attempt

to mark the test-wires with punch marks, or fine

scratches made with a steel or diamond point, local-

ized the fracture, particularly at temperatures above

400°. To get over this difficulty fine graphite marks

were made on the wires at distances apart of i in.

:

these were used for determining the elongation in the

ordinary way. This plan was found to be satisfactory

up to a temperattire of 500° C. .\t temperatures in the

neighborhood of 600° C. some difficulty was experi-

enced in recognizing these marks owing to the large

amount of oxidation of the alloy. The figures for the

wires tested at 590° C. may however, be said to be

reliable, since four results agreeing fairly closely have

been obtained. No temperatures higher than 600° C.

have so far been used in these tests, owing to the

difficulty mentioned. The results are given in

Table I'x.

TACI-K IX.—MECHANIC.\L TESTS—EARS B.

aC3 b„

Sags

As rolled

1 week, 444° C.

1 week, 440°^ C.

7 hours, 665° C*
7 hours, 665° Ct

B7 24hours, 750' C.

B8 24 hours, 750° C.

B12 1/2 hour, 860° C,

R16 24 hours, 810° C.

B9 6 hours, 840°-850* C.

B17 7hours. 900°-910° C.

B5
B6
B3
B4
Bl
B2

22.4

22^25

22 2

22.6

21.85

22.25

19.6

19.5

17.7

17.3

17.3

3+j
« S cao-
= '''

1)5.0

57.0

62.5

70.3

70.5

69.5

81.0

81.0

87.5

18.5

70,5

- a*

78
76
70

15.0 t50.5

68

54

Smooth.

Smooth.

\ Slightly

( roughened.

Roughened.

Cracked.

( Badly

I
cracked

*Yield point 7 tons per square inch.

tBroke outside gauge marks.

•C. H. Dcscli. Metallography, p. 387.

MICROSCOPIC WORK.

The miscrostructnre of the bars after annealing and

before testing was examined, and typical structures are

illustrated by photographs reproduced in Plates I to

TIL The general eft'ect of annealing on the crystalline

structure of 70:30 brass is now a matter of common

knowledge, but there are one or two points that ma\-

perhaps be noted here with advantage.
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1. Annealed Stiuclures.—The first effect of anneal-

ing on a rolled or otherwise strained sample of brass is

to bring any altered and crushed material into a con-

dition suitable for subsequent recrystallization. As the

temperature rises, recrystallization sets in from a large

number of new centers, the result being that after an-

nealing for half an hour at 500° C. the structure ap-

pears very distinctly finer than in the original bar as

rolled. From this point crystal growth proceeds

rapidly.

2. Over-Annealed Structures.—The result of an-

nealing at an unduly high temperature is a very rapid

crystalline growth, which causes the coarse structure

characteristic of over-annealed brass. After a certain

time this very rapid growth of crystals probably slows

down, and size of crystals approaches a maximum
value.* Possibly there is a definite size of crystal char-

acteristic of each temperature, which is not affected by

time once equilibrium has been reached.

3. The Microstructure of Burnt Brass.—As far as

the authors have been able to ascertain, the structure

of burnt brass, in the case of the material used for this

work, closely resembles over-annealed brass, with a

possible difference that the lead segregates in the crys-

tal boundaries. They have found no sign of the pitted

structure, which is generally said to be characteristic

of burnt brass, except with very deep etching.

4. Effect of Lead.—The presence of lead is indi-

cated by small, more or less rounded, particles scat-

tered through the crystals. When the brass contain-

ing lead has been annealed at a very high temperature,

there is a tendency for the lead to segregate between

the crystals, and this effect seems to increase with the

time of annealing.

HIGH SPEED TOOL STEEL: METHODS OF
MANUFACTURE AND HEAT

TREATMENT.f

By WM. VANC. BRANDT.

The making of high speed or self-hardening tool

steel differs in many respects from the making of

ordinary steel. An important difference is that in

making ordinary open hearth steel, for example, the

charge is placed in the open hearth furnace in direct

contact with the gases and flame, whereas in making

tool steel the charge has no contact with the gases.

In making tool steel the charge, consisting of care-

fully selected scrap, mostly old tools, with the addition

of enough low carbon scrap to keep the carbon down

within the specified limits, is placed in a small crucible.

In the making of one well-known brand a black pow-

der containing about 98 per cent tungsten is then

added, so much of this powder being added to each

*Reference may be made here to the work of Ewing and
Rosenhain on crystal growth after annealing, Metallographist,

1902, p. 81.

;-Froni The Iron Ag

poimd of scrap. The chrome is then added in a ferro-

alloy state and the. crucible tightly closed and placed

in a pit or furnace. The furnaces may be made to

hold as many pots as desired ; a four-pot furnace is not

uncommon. Hard coal is then packed around these

crucibles and hot air blown through the coal, produc-

ing gas. The gas passes up and around the crucibles,

until the charge is thoroughly melted. If vanadium is

to be added it is put in at this point and the metal

allowed to boil for about 10 min. longer.

While the metal is boiling down the molds are put

in shape to receive the charge. As they will naturally

be colder than the molten metal they must be thor-

oughly heated in order that the metal may not become

chilled, which would result in a bad ingot. As a fur-

ther precaution the molds are covered on the inside

with lampblack, an ordinary lamp being used for this

purpose. Lampblack or soot acts also as a noncon-

ductor and keeps the metal from coming in direct con-

tact with the inner surface of the mold. The molds

used are made in sections and may easily be knocked

apart, leaving the clear ingot. Thev vary in capacity,

a common size being 3;4 in. section, with height of

10 ins.

When all is ready the molds are set in place, the

crucibles lifted out of the furnace and the metal

poured in the mold. As soon as the ingot is suffi-

ciently cooled the mold is knocked apart and the ingot

covered with coke dust and allowed to cool gradu-

ally. This takes from three to four hours. After the

ingots are cooled they are placed in an annealing

furnace and annealed at about 900 degrees C, this

being followed by cooling in the air. They are then

forged down into bars and the bars again annealed at

a higher temperature, about iioo degrees C. After

another cooling in air the steel is ready to be forged

into various tools.

Great pains must be taken in forging the tool, for

it is here that a great many errors creep in which re-

sult in defective steel. The tool should be forged at

a good white heat and care must be taken not to upset

the bar. After the forging the piece should be heated

to a very high heat. It has been found that the best

results are obtained when the temperature is within a

few degrees of the melting point, or until the nose of

the tool is almost ready to run. Various methods of

cooling are employed, as, for example, the use of an

air blast or quenching in oil.

After this treatment the tool is ready to be ground

and great care is necessary here as in the other

processes. The tool should not be ground too fast.

If a dry emery is used it should be run slowly and

the tool should not be forced too hard against it. It

is better to use a wet emery or the ordinary grind-

stone. By forcing the tool too hard and grinding it

too fast small hair lines appear in the structure, which

later result in fracture. After grinding the tool is

ready for use.
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VOLUMETRIC SULPHUR DETERMINA-
TION.

By ROBERT E. BRADLEY.*

In most cases where rapid, accurate results are

wanted on liquids carrying small amounts of sulphur.

the Andrews method cannot be improved upon. This

consists in adding a dilute hydrochloric acid solution of

barium chromate to the liquid containing not over 2 per

cent of sulphur. This precipitates all sul])hur as bari-

um sulphate, and sets free one equivalent of chromic

acid. .An excess of ammonia is now added, giving

ammonium chromate, and precipitating all excess of

barium chromate, since this is insoluble in alkaline so-

lutions. The barium chromate and sulphate are fil-

tered ofT, and the filtrate is acidified with concentrated

hydrochloric acid, potassium iodide added, and the

liberated iodine titrated w'ith thiosulphate.

In the case of chlorinated brine as in electrolytic

plants using a mercury cell, this is quite inapplicable

unless all oxidizing matters such a chlorine and chlor-

ates are first removed, since they would be carried

through and liberate icxline from the acidified potas-

sium iodide.

Attempts to remove this chlorine and chlorate

b\- boiling initially with concentrated hydro-

chloric acid were impractical on account of the neces-

sity of long boiling and great difficulty in determining

when the strong hydrochloric acid fxunes no longer

carried chlorine in escaping. Here, on account of the

relatively small amount of sulphur present, a compara-

tively small amount of oxidizing material left would

induce a large error. Attempts to reduce all oxidizing

matter by acid and pui c zinc were hopeless on account

of the length of time required and the uncertainty of

completion.

In this case the only methotl .(excepting the gravi-

metric) capable of giving good results in a very short

time was the following:

Dissolve two to four grams jjure barium dichromatc

in one liter of normal hydrochloric acid. Detcrmme
the strength of this by taking a known volume, adding

strong hydrochloric acid, potassium iodide, and

titrating the liberated iodine with tenth normal thio-

sulphate. It will be necessary to allow this solution to

stand about three minutes to allow the liberation of

iodine to be completed, since the reaction is. not instan-

taneous.

To a known volume of chlorinated brine add a

known volume of barium chromate solution estimated

to be in excess, and warm to throw down all barium

•Winchester. Mass.

sulphate. Then add a slight excess of ammonium
hydroxide to precipitate all the excess of barium chro-

mate. Filter off the barium sul])hate and chromate

and wash with dilute ammonim hydroxide. The fil-

trate, containing the chromic acid as ammonium chro-

mate. and all the oxidizing matter, is discarded. The

precipitate of barium chromate is dissolved on the filter

by dilute, warm hydrochloric acid, and the filter well

washed with the same. This solution is then made

strongly acid with hydrochloric acid, potassium iodide

added, and then liberated iodine titrated by tenth nor-

mal this sulphate. This result will be evidently lower

than the former by the amount of barium chromate re-

moved as barium sulphate and chromic acid.

2RaCrO, + f)KI -f- 16HCI = 2P.aCk, -|- 2CrCL -j-

6KC1 -1-61-1- 8H,0
iBaCrO, = iP.aSO, = 3I = 3Xa,S,( ),

N SO, 80.06

.'. LOGO cc. — Xa.S.,0., = = = 2.667gS03,

ID 30 30

i. e., ten grams of SO., in the amount taken for analy-

sis will be equal to the difference in the number nf

X
cc. of — thiosulphate used multiplied b\' 0.002667.

10

I'rimitive methods are employed by the Chinese in

manufacturing sugar. During the harvesting of the

sugar cane a number of small rough sheds are erected

for the manufacture of the sugar. Outside cacii shed

there is a set of pressing apparatus, driven b\- two

oxen or butfaloes. Inside are three or fi)ur large iron

])ans, placed over a shallow ditch, which constitute the

))oilers. The pressing apparatus is also simple and in-

expensive. It consists of two granite rollers or wheels,

fixed perpendicularly to a wooden frame. These

wheels are turned by a long lever, one end iif which is

fi.xed to the upper axle of one of the wheels, and the

<ither connected with the yokes of buffaloes. The ani-

mals are driven round in a circle, and small Inuidles of

sugar cane fed between the revolving rollers. The
juice flows into a large earthenware receptacle beneath

the wooden frame. An\- ]ierson with ordinarv intelli-

gence can work the ]iressing apparatus, and it is gen-

erally managed by the farmer and his family, but a

little skill is necessary for boiling the juice, and this is

usuallv done by an expert. After the juice, previously

mi.xed with a little lime and tung oil (wood oil), i.s

boiled to the rei|uired consistency, it is removed fnmi

the boilers bv a large ladle and put in shallow bamb(JO.

pans.
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A NEW REACTION FOR COPPER.-

Doctor Kutlolpf Uhlenhuth.

There are a great number of methods for the qual-

itative and quantitative determinations of copper. The

simplest way is to introduce a piece of clean iron wire

into the weakly acid solution and await the de])osition

of the copper after a few hours.

With solutions which may be filtered the color and

precipitation methods may be used. The precipitation

method is used when the solution contains much cop-

per and together with the electrolytic method is often

used for quantitative determinations. There are also

many colorimetric methods for dilute solutions. Since

a scale of colorimetric samples can easily be made it

follows that this method can also be used quantita-

tively.

.\ new, very sharp reaction has been found through

the observation that a solution of i, 2-Diamidoanthra-

chinon-3-sulphonic acid in dilute alkali takes on an in-

tense blue color with copper salts and that tliis color

is easily distinguishable even at high dilution.

fJHi

5O3H

Especially so if one uses an alkaline solution of the

diamidoanthrachinon sulphonic acid as a comparison.

The solution is prepared by dissolving 0.5 gms. of

I. 2 diamidoanthrachinon sulphonic acid in 500 cms. of

water with the addition of 40 ccms. of con. sodium

hydrozide solution of 40° Be.

It is possible to detect copper with this solution even

though all others fail. The D. solution is allowed to

run into copper solution and the blue color is instantly

formed.

The blue color is easily noticeable with o.ooooonj

gm. copper in i ccm. of solution (== I.Q :ioooooi>)

,

the limit is 0.00000010 gms. in i ccm. of solution

f= i.9:ioooooo<:().

This reaction should l)e of use in the inspection of

foods, also in pharmaceutical and physiological chem-

istry. The reaction seems to be characteristic, since

other metallic salts do not give this reaction. The

testing of the acid was carried out in the Farbewerke

of Meister Lucius und Tiriining in Hochst a M.

A MODIFICATION OF ESCKA'S METHOD
FOR SULPHUR DETERMINATION

IN COAL AND COKE.

In the Province of Santa Fe, Argentine, there are

2,951 industrial establishments, 2,426 being in the

hands of foreigners. The sugar mills have an annual

output of nearly $13,000,000 United States gold, the

43 flour mills nearly $8,000,000.

BY CHAS. R. M'CABE.*

In employing Escka's method for the determination

of sulphur in coal and coke the writer has adopted a

modification which saves time without sacrificing

accuracy.

After l)urning the weighed portion of the sample

mi.xed with the Escka mi.xture, the mass is dissolved

in hydrochloric acid. .A.bout 10 cc. of i : i acid for

every gram of Escka mixture used suffices for rapid

and complete solution. The .solution is nearly neutral-

ized witii ammonia, one-half cubic centimeter of

hydrofluoric acid added, and the sulphates precipi-

tated with l)at'iinn chloride in the usual way. Results

accurate.

The saving of time is due not merely to the fact

that the sulphates are more quickly obtained in solu-

tion for precipitation, but also to the fact that satisfac-

tory precipitation is more easily effected. This is

owing to the circumstance that the st)lution is heavier

and may be kept more concentrated than is the case

when the usual plan is employed.

A SENSITIVE REACTION FOR GLUE.t

By EUGENE, SCHMIDT, ENGINEERING
CHEMIST.

If anmionium molybdate solution, as is used in the

determination of phosphorous is added to a water

solution of glue a white amorphous precipitate is

formed. This precipitate is characteristic and a

closer study of this reaction gave me interesting

results.

If a solution of simply annnonium molybdate is

added, no precipitation occurs; but if a few drops of

nitric acid are added the precipitate comes down ; the

precipitate is more intense, falls quicker and the super-

natant liquid is practically clear. The use of neutral

ammonium molybdate solution with the subsequent ad-

dition of acid has, as will be seen from the tests, cer-

tain advantages.

QUALITATIVE TRIALS.

In the following tests a solution of I gn. of glue

in 500 ccms. water and a solution of 3 gins, ammo-
nimn molybdate in 250 ccms. of water were used.

( I ) rdue solution and ammoniuin molybdate. No
precipitate.

(2) Glue solution and ammonium molvbdate.

Boiled 3 minutes. Gives a very weak turbidity.

(3) Glue sol. and amm. molybdate. 2 drops di-

lute nitric acid. Immediate white precipitate. When
heated it gradually dissolves, .\fter cooling a strong

turbidity remains.

''I'l-aiisliUfil fioni III!' ClieniiUtr ZeiliinK for ('hemiral Engineer.

•Laboi'atory of the I^ima Locomotive & Mafliine Co.. Lima. (1.

tTran.slatid (vnm llic Clu-lnilvei- Zfilnns' for Hie Cllemieal V;n-
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(4) Glue solution + ammonium molybdate. others in sensitiveness and intensity. It is also charac-

Boiled 3 minutes and then added dil. nitric acid. Gives teristic for glue alone, since trials with other sub-

a strong cloudiness, but no flocculent precipitate. stances showed that only con. solutions of gum arabic,

(5) If an excess dilute HNO3 is present neither Hnseed, and white of egg give a weak turbidity with

the ppt. or turbidity are produced. ammonium molybdate and HNO3 which can easily be

,^, „, ,
. , „ 1 uj *„ <-^i„ distinguished from the glue precipitate.

(6) Glue solution + ammonium molybdate solu- » & i' i-

tion boiled 3 minutes gives no ppt. and only slight Gum arabic gives only a weak turbidity which be-

cloudiness when an excess of HNO3 is added. comes more intense on heating. Linseed acts the same.

, , , r ™ 1 ^,J„^ «,i ^i„» tii^ The new reaction is good for the examination of sized
In the action of ammonium molybdate and glue the

.
*=

following must be taken into consideration. If dilute
goo^^ and of sizings.

HNO3 is slowly added to a glue solution, a ppt. is It is sufficient to boil the sample with water, to con-

formed which does not entirely dissolve on addition of centrate the extract on the water bath, and then deter-

an excess of acid, but passes over into a cloudiness, mine the glue in the manner described. In order to

If the acid is added rapidly the precipitate is formed, work with only one solution the following is recom-

but dissolves immediately, and the solution remains mended
: 3 gms. ammonium molybdate in 250 ccm. of

j.jg3^ water and 25 ccm. HNO3 of sp. g. 120.

(7) In place of HNO3 dilute HjSO^ or HCI may quantitive tests.

be used. ,- , ... . , ,.

... , . ,. , , I' or these tests a solution of i gm. ot good quality
(8) Dilute acetic acid gives a turbidity wihch be- . ° ° j* .

^ ^
.

° •' Gelatine glue in 250 ccm. water was used. The vis-
comes stronger on heating. -^ i- ^u 1 c - t ^\, \ ^•° ° cocitv ot the glue was 1,693. 25 ccm. of the solution

(9) Tartaric acid gives a turbidity which remains
^.^^^ ^^^^^^ j^ ^ j^^^^^^ ^^-^^^ 200 ccm water. 50 ccm.

unchanged by boiling. ammonium molybdate sol. and 5 ccm. nitric acid were

(10) Dilute oxalic acid gives a precipitate which ^^en added and well stirred. After 15 minutes the ppt.

disappears on boiling, but reappears on cooling. had settled. The clear liquid was run through a rapid

(11) If dilute HNO3 is added to glue, and molyb- filter paper which had been dried at 100° and weighed,

date solutions and the precipitate allowed to stand for and a ppt. washed with water to which had been added

some time, the ppt. will dissolve in the excess HNO3 a few drops of nitric acid. The ppt. is then brought

only after strong heating or shaking and a slight on to the filter and washed until the washings show no

cloudiness remains. residue on evaporation in platinum.

The above precipitate dissolves readily in con. The ppt. and paper are then dried at 80°, then 100°

HNO3, and in con. HCI, less in con. HoSO^ it barely to constant weight and weighed.

dissolves in 80% CH3 oOOH and tlie last solution will Gms. Gms. Found Difference

not become clear, even after extended heating. No. glue used, glue found. % %
(12) The normally produced precipitant and the

\ ^-J -J^^^ J^^-^ ^-^

supernatant liquid acquire a bluish-green color after a 3 0.1 .1055 105.5 5.5

^^ 4 0.1 .1039 103.9 .3.9
"'"^-

5 0.1 .1053 105.3 5.3

The above reactions characterize the new glue re- 6 0.1 .1002 100.2 0.2

action. The precipitate is bluish green after drying and

The reaction is not only intensive and characteristic, sticks to the paper. When burnt in a crucible and the

but is also exceedingly sensitive as the following tests residue heated it sublimes in shining yellow crystals.

will show. I intend to extend these tests on the value of this meth-

(i) I ccm. glue=.oo2 gms. glue-fs ccm. mol. od for quantitive determinations since I believe that

sol.-t-i drop dilute HNO3 gives an intense ppt. '\v this manner an accurate and simple method may be

(2) .5 ccm. glue sol.=.001 gm. glue+5 ccm. wa- found.

ter-f2 ccm. mol. sol.-|-i drop HNO3 give an intensive

ppt- During the five months ended August 31, 1910, the

(3) -25 ccm. glue sol.=.ooo5 gm. glue-fs ccm. cotton yam spun by the mills of India amounted to

water-f I ccm. mol. sol.-|-i drop HNO3 give a strong _,_, ^^^ q^^ j^g^ and the amount of goods woven
turbidity. After one hour a ppt. formed on the bottom during the same period was 414,515,014 lbs., as com-
of the test tube. pared with 283,300,929 lbs. of yarn and 375,599,626

(4) I drop glue sol.=.oooo7 gms. glue+2.5 ccm. n,s of woven goods in 1909, and 268,408.062 lbs. of
water-l-i ccm. mol. sol.-f-i drop HNO3 gives a verv yarn and 320,797,405 lbs. of woven goods in 1908.
plain turbidity. After one hour a ppt. forms. Several mills closed down during 1909-10 and others

(5) .00001 gms. glue gives a distinct turbidity if shortened time in consequence of high prices of cot-

less glue is present, the turbidity appears only after a ton and low price of the manufactured product. The
time. hand-loom industry, however, was more active and

One sees therefor, that this reaction is far ahead of prosperous than ever.
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ELECTROLYTIC LEAD REFINING PRAC-
TICE OF THE CONSOLIDATED MINING

& SMELTER CO. AT ITS SMELT-
ER AT TRAIL, B. C.

The smelter and lead refinery of the Consolidated

Mining & Smelting Co. of Canada, Ltd., is located at

Trail in the West Kootenay District of British Colum-

bia. Practically all of the lead ores and most of the

other custom smelting ores of the interior of the

province are treated at the Trail plant. For the year

ending June 30, 1910, the ore smelted averaged 9,500

tons per week of all classes, of which 1,100 tons were

lead and dry ores or concentrates. In the September,

1910, issue of Mines and Minerals, Mr. J. M. Turnhull.

Mining Engineer of the company, gives an excellent

description of the Trail smelter and lead refinery. The
following is an abstract of his account of the lead

refining practiced at Trail. The Betts fluosilicate

process is used. There are 240 vats, measuring 3 by

8 ft. by T,y^ ^t. deep, made of coast fir and lined with

asphalt. They are arranged in si.x double ni\v> in a

series of cascades and the electrolyte is kept in cir-

culation by means of pumps. The dynamos generate

3,500 amperes at 80 volts, and the vats are operated

with a current density of 16 amperes per square foot

of cathode area, the voltage averaging 0.32 per vat.

Each vat contains 20 anodes which weigh 370 lbs. each.

The anodes are cast with shoulder lugs which rest on

copper bars on the sides of the vats. They are spaced

4% ins. apart. Each vat contains 21 cathodes made of

lead sheets 1-16 in. thick, which are hung upon cop-

per bars measuring ^A by 3/j in. by bending the top

part of the sheets once round the bars. The cathodes

are made slightly wider and deeper than the anodes

in order to prevent short-circuiting.

The electrolyte is lead fluosilicate with an excess of

fluosilic acid. It contains 12 per cent of acid and from

5 to 6 per cent lead. The acid is made bv mixing

fluorspar, silica, and sulphuric acid in a cast-iron pan.

and the fumes are condensed in towers, with water

spray, which is used over and over again until its

strength reaches 30 per cent acid. This is freed from

sulphuric acid by the addition of lead dross. It is

found advisable to add from J4 to i lb. of glue to the

electrolyte for every ton of lead ; this helps the deposit

on the cathode to be coherent and so prevents '^hort-

circuiting.

The refining process takes about 8 days after which

the remaining parts of the anodes amounting to 15 per

cent are sent back to the melting pot. Most of the

gold and silver slime adheres to the anode scrap and

it is removed by washing and scraping in a special

tank. Some of the ^.lime settles at the bottom of the

vats and is removed about once a month. The cathodes
are washed and melted and cast into pigs of a size to

suit the market. For instance those sold to China
weigh 190 lbs. to suit the coolie transport. An average
analysis of the pigs shows 99.99 per cent lead, with
minute amounts of zinc, silver, iron, copper, tin, and
antimony, but no trace of arsenic or bismuth.

The slime is carried in copper cars to the treatment

plant, where it is first washed with hot water to re-

move the electrolyte. The wash water is drawn off

and evaporated by steam coils to recover the acid.

After filtering, the slime is placed in cars and dried in

the furnace fiue, and when dry is melted in a water-

jacketed reverberatory which is lined with magnesite

brick. The impurities are here removed by oxidation,

and the metallic fume is caught in cooling flues and re-

turned to the blast furnaces. The slime averages 35
per cent silver, 0.035 P^r cent gold, 25 per cent anti-

mony, 20 per cent arsenic, 8 per cent copper, with some
iron, bismuth, and silica, and traces of tellurium and
selenium. The dore metal is parted in sulphuric acid

and the silver sulphate is run into steam-heated vats

where the silver is precipitated as a slime by means
of copper bars. The silver slime and the residual

gold slime are melted and cast into bars, the silver

being 999 fine and the gold 995 fine. The remaining

solution contains copper sulphate which is recovered

and sold as bluestone.

When commercial conditions warrant it, the anti-

mony is recovered from the slime by a process de-

vised by A. J. McNab, the sujjcrintendent of the lead

plant. By this method the slime is boiled with sodium

polysulphide, and the solution clectrolyzed between

lead anodes and steel cathodes both in sheets. Tlie

deposit on the cathode is a dense hard antimonv con-

taining 2 per cent arsenic, which can be removed

by melting with alkaline fluxes. The remaining slime

is roasted in a muffle furnace and afterwards treated

with 10 per cent sulphuric acid which extracts 90 per

cent of the copper and 10 to 75 per cent of the silver.

This solution is heated in the presence of copper and

the silver precipitated as before. The residual slime

is then- treated in the reverberatorv.

The discovery that alcohol can be extracted from

the fruit of the carob tree has caused this article to be

looked upon as much more valuable than formerly.

This tree is a leguminous evergreen found in Spain.

Italy, and the Levant, and its fruit, commonly called

the "carob bean," is about i in. wide and from 6 to 8;

ins. long.
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THE ELEMENT OF CHANCE IN THE SAM-
PLING OF ORES.*

By LEWIS T. WRIGHT.

In the sampling of an ore a portion called the "sam-

ple" is taken to represent the whole bulk. To perform

this operation properly it is necessary to observe such

precautions as will defeat unfair methods and con-

trol avoidable disturbing influences. If all the par-

ticles of ore were homogeneous or alike in grade there

would be no need for precaution in the taking of any

portion as representative of the whole. Any one por-

tion or "sample" would be like any other portion and

equally and truly representative. But ores are more

heterogeneous than homogeneous, and therefore in

the taking of any representative fraction special pre-

cautions and apparatus are required to avoid a bias

that may be either accidental and mechanical or inten-

tional and personal. \\'hen these precautions are en-

tirely successful in their aim the element of impar-

tial chance is free to exhibit its capricious vagaries

undisturbed by the influences of carelessness, trick-

ery or partiality. Chance, which is the operation of

a cause or causes that we cannot predict or control,

in the long run is impartial, sometimes leaning to one

side, sometimes to the other, and by taking a suffi-

cient number of results or chances the deviation of

their sum from the true average can be made to bal-

ance within a small range of error. All that can be

done in the matter of sampling is to mix and to take

a portion. Mixing produces unevenness ; an even

mixture of different things can only be obtained by

counting, sorting and ranging them.

Perhaps the simplest way of demonstrating this un-

evenness, or deviation from the average, of a sample

of mixed things is to take a sample of four cards

from a shuffled i)ack. It may be a matter of indiffer-

ence whether the four cards be taken consecutively

from any part of the pack or separately from four

different places. That has no influence on the av-

erage result. The average sample of one of each kind

comes but about once in 40 times. The samples can

deviate from the average up to four of one kind or a

deviation from the true average of 300 per cent. On

making the sample ten times larger it will be found

that the percentage of deviation, though large, is dis-

tinctly reduced. In a number of trials the greatest

deviation from the true average of 10 of one kind

was 18, or an error of 80 per cent. Thus by making

the sample 10 times larger the maximum error or de-

viation was reduced 3j4 times. On making up sam-

ples that should have contained 100 of a kind a sam-

ple with only 76 was found, or an error of 24 per

cent. Here the maximum error was reduced 3 times

by increasing the size of the sample 10 times. A
well-known formula much used by scientists for the

calculation of the mean error of the mean of a num-

•Froni tlie Mining Magazine.

ber of observations which is based upon probability,

implies that the error is reduced according to the

square root of the number of observations. Thus by

increasing the number of observations 10 times the

error would be reduced 3.17 times. To reduce the

error of 300 per cent possible with the above sam-

ples that should contain one of a thing to a possible

error of I per cent—that is, to reduce it 300 times

—

we would have to take a sample of a size that should

contain on an average 300 by 300, or 90,000 of that

thing. It is easy to satisfy one's self that samples

which on an average should contain 10,000 things

may deviate i per cent from the true average. This

exemplifies the limits of the unevenness of impartial

mixing of heterogeneous things. Impartial mixing

is the basis of sampling.

This is the principle of the "safe" weight of the

sample. It is a question relating to numbers. We
do not know the number of particles of mineral or

of gangue or part mineral part gangue in our sam-

ples.

The question of what is a "safe" weight of sam-

ple has to be studied empirically or by trial, and the

best way of doing so is to study extreme cases. In

the following brief summary of investigations each in-

dividual assay, unless otherwise stated, was made on

a portion of the ore sample ground to 100 mesh or

finer, commonly called the "pulp," and weighing one-

half of an "assay ton." The assay ton, or A. T., for

short, weighs 29,166.66 milligrammes, and each milli-

gramme of gold obtained per assay ton represents one

ounce of gold per ton of ore. The results are stated

in ounces per ton, generally to the second, and more

rarely to the third, place of decimals. The balance

used in weighing the buttons is sensitive to 0.005

mg., which corresponds to 0.005 oz. gold per ton, and

the buttons are weighed to the nearest 0.005 "^s- ^^

is usual to make the fusions and assays on portions

of yi A. T., consequently the results reported in

ounces per ton are correct so far as weighing is con-

cerned to the nearest o.oi oz. gold per ton, and devia-

tions of more than o.oi are due to other causes than

avoidable errors in weighing. In commercial prac-

tice it is often agreed between the buyer and seller

that differences of 0.03 oz. per ton or less shall not be

disputed or submitted to umpirage.

In order to throw light upon the extent of differ-

ences arising in good assaying practice a mixture of

sand and limestone of loo-mesh fineness was soaked

in a dilute solution of gold chloride to compose an

artificial gold ore of about 2 oz. per ton and of homo-

geneous content. The mixture was dried and calcined

with the intention of coating each particle with a

film of gold so that the particles should be as nearly

equal in gold content as art could arrange. If the

intention was successful then the vagaries of chance

would be reduced to a minimum, and each yi A. T.

would contain well within the sensitiveness of the as-

say balance the same quantity of gold, and the visible
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deviations between one assay and another would be

due to error in assaying.

In the first set of six assays there were five of

1.92 oz. and one of 1.94. Here there was an extreme

difference of 0.02 oz. per ton. In a second set of

four assays two were 1.92, one of 1.94 and one of

1.91. Here there was an extreme diflference of 0.03.

In another series 10 results of 1.915 were obtained

with one of 1.895, tlie extreme diflference being 0.02

oz. per ton. Combining the 24 observations, the mean

is found to be 1.918, with a mean error of + 0.0017

and an extreme difference between observations of

0.045. I' would thus seem that with a homogeneous

ore a difference as high as 0.045 oz. per ton, or a

difference higher than the limits of good weighing

can arise, due presumably to deviations in the assay

operations other than those of weighing, between

the highest and lowest results of a number of JX A. T.

assays. The extreme differences between individ-

ual assays of yi A. T. found in the ordinary prac-

tice of sampling gold ores are very much greater

than 0.005 02- P^"" ton.

If we want to study the magnitude of the ele-

ment of chance as it aft"ects the sampling of ores we
cannot do better than to choose an extreme case, such

as may be found among ores containing free gold,

where the value of the mineral is high and the dif-

ference of specific gravity between it and the gangue

is wide. If all the particles of gold in such an ore

were free and distinct from the particles of the

gangue and all the particles both of gold and gangue

were of one size and that size were equal to 100 mesh,

and the ore were of a grade of i oz. gold per ton,

then in one assay ton there would be approximately

4,000,000 particles of quartz or gangue and 21 par-

ticles of gold. Of course, no one would expect to be

able to take out from a bulk of such ore of loo-mesh

fineness various small portions that would always con-

tain 21 particles of gold and no more or no less for

every 4,000,000 particles of gangue. We are not wiz-

ards. We would naturally and instinctively expect

considerable variations from the average number of

21 particles of gold per 4,000,000 particles of quartz.

A difference of one particle would make an error of

5 per cent. We could reasonably expect any number

of particles, say, from 10 to 30 of gold, rather than

exactly 21, neither more nor less.

In most ores that have been crushed the valuable

ingredient is chiefly in the fine, and it is therefore

likely that the average particle of mineral is smaller

than the average particle of gangue. In other words,

it is probable that in our samples there are more

particles of mineral than there would be if the av-

erage size of the particle of mineral were equal to

the average size of the particle of gangue. For this

reason in our hypothetical ore, with all its gold free.

there would probably be many more than 21 jjar-

ticles of gold for every 4,000,000 particles of quartz,

because their average size would be smaller than

the average size of the whole ore, but, relatively to

those of quartz, the number would be extremely small

and the chances of deviation from the average num-
ber in any one small sample would still be very great.

In this article I want to insist upon the element

of chance, which makes it impossible for us to get an

absolutely true average sample from a mixture of

different things. We can only get a sample the de-

viation of which from the true average is negligible

by taking a sample containing a sufficiently large num-
ber of the particles or things to be estimated. If, for

instance, we had an average, as in the case imagined,

of 21 particles of gold in a sample, we would ex-

pect to get deviations of relatively great magnitude in

different samples. By taking our sample so that on

an average there were 210 jiarticles, the percentage

of deviation would be less, and so forth. In a gen-

eral way it is supposed that the percentage maximum
deviation of a sample from the true average would

be reduced 3.17 times by taking a sanijile 10 times

greater.

To show the importance of these dift'erences the

first two assays of many "pulps" of different gold

ores containing free gold were noted. The average

difference between the two assays of each of 24 con-

sccutive samples of an ore marked {B) was 0.043 ^nd

included differences ranging from nothing up to 0.23,

which was the maximum difference. Thirty-six sets

of 2 assays of each of 36 consecutive samples of an

ore marked {A) gave an extreme dift'erence of 0.33

and an average difference of 0.05. Sixty-four sets

of 2 assays each of 64 consecutive samples of (C)

gave an e.xtreme difference of 0.6 and an average dif-

ference of 0.068.

A gold ore known among assayers as being "spotty"

(that is, giving wide differences when assayed) in

12 assays gave an extreme difference of 0.345 be-

tween two J4 A. T. assays, or a difference of 0.69

oz. on a total assay value of 2.93 oz. per ton, a differ-

ence of 23 per cent.

The evil effect of such large dift'erences between

individual assays can be neutralized by making a

larger number of assays and taking the average of

them. In the parlance of ore sampling, ''2 A. T. is

not a "safe" sample of such ores.

Before discussing the question of weight as affect-

ing the "safety" of a sample of such loo-mesh pulp

or one that with another of the same weight might

only differ within the limits of good assaying, for ex-

ample, 0.045, tlie mean of which would be 0.0225, it

is well here to refer to a series of experiments made

with the "pulp" as delivered to the assayer. This

]ndp is commonly ground so that all of it will pass

through a loo-mesh screen, and a great many ex-

periments were made with such pulp, along the fol-

lowing lines : First, could a method of mixing the

pulp be discovered that would render the distribu-

tion of the gold more even than is indicated by ordi-
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nary practice? Could these extreme differences be-

tween Yi A. T. samples be reduced?

Second, and conversely, could the pulp be so han-

dled by the assayer, on the rolling cloth or paper, with-

in the limits of fair mixing or selection of the sample

so as to increase these differences?

Both of these lines of investigation failed to show

that the extreme differences could be favorably or un-

favorably influenced. The pulp was divided in every

conceivable way. The ^ A. T. sample was taken in

small portions from over lOO different parts of the

bulk or as one portion from one part of the bulk. A
stream of the pulp was cut a number of times by a

miniature time-sampler and the Yi A. T. was com-

posed of these cuts. The pulp was rolled in various

ways, thought likely to be conducive to the segrega-

tion of its mineral or to its perfect distribution, though

it is difficult to conceive how segregation could be in-

duced by the slow rolling of a material the particles

of which tend to cling to and lock into each other.

I shall not enter into the details of experiments

made upon the finer grinding of the samples. The
conclusion reached by those engaged in the work was

that finer grinding was of no assistance in reducing

the differences, and that as a size for the assayer lOo

mesh or even less was practically as safe as 200 mesh.

The results were always the same. It was as impos-

sible to combat the element of chance as it would be

in the case of different colored balls taken blindfold

from a bag or of cards dealt from a fairly shuffled

pack.

There is a well-known formula used by physicists

and chemists for the purpose of calculating the mean
error, plus or minus, of the mean of a number of

observations. It is

:

2rf=

f=
n (n— i)

in which

F=mean error of the mean of all the observations.

d=deviation of each measurement from the mean.

2rf-=sum of the squares of the deviation.

The satisfaction, if any, we get from this formula,

is to learn that we can only reduce the mean error of

the mean in the proportion of the square root of the

number of observations. If we want to reduce the

mean error of the mean to one-tenth of its magnitude

we must take 100 times as many observations.

In the trials of pure chance, to which I have re-

ferred, and wherein the true average is known, the

maximum error found was reduced somewhat less

than in the proportion of the square root of the num-
ber of observations. In the case of our pulp samples,

unless we assay the whole bulk, we are at the disad-

vantage of not knowing what the true average is.

Some portion of the differences noted must be due

to differences in assaying, but this latter source of

difference has, relatively to the other, been shown to

be small.

Given an ore that with samples of yi A. T. ex-

hibits a difference between the highest and lowest of

0.6, if we wanted to take samples sufficiently large to

exhibit a difference no higher than 0.06, we should

(neglecting the possible but smaller error due to as-

saying details) have to make the weight assayed as

high as 50 A. T. If by convention it were agreed that

a "safe" weight of sample should be one that did not

diff"er from another sample of the same weight more

than 0.06, we should have to make that weight for

such an ore 50 A. T. This is 10 times as heavy as

the sample usually distributed by the sampling works

to the seller, buyer and umpire. 50 A. T. would be

the smallest safe division we could make of such a

pulp.

Every time a sample is divided, and in the sam-

pling operation it is divided many times, there may
be an error, which will be important according to the

number of particles of the sample and the character

of the ore.

Having determined for an ore or class of ores

the safe weight for a sample reduced to 100 mesh,

can we then from this knowledge alone determine the

safe sample-weight of any coarser size?

H. A. Vezin, who is identified with this question

of the safe weight, having found that of the pyritic

ores of Gilpin county, Colorado, one ounce or i A. T.

was a safe weight for a sample that had passed a

20-mesh screen, for all other sizes larger multiplied

this weight by a number that represented the number

of times the volume of the largest sized particle was

greater than the volume of a 20-mesh particle—that

is, by a number proportional to the cubes of the sizes

of the largest particles. Vezin's statement that the

safe weights of another larger size than 20-mesh could

be obtained by multiplying the ascertained safe weight

of the 20-mesh size by the number of times the vol-

ume of the larger size is greater than the volume of

the smaller size could only be founded upon the as-

sumption that the ratio of the number of particles of

the richer mineral and the poorer gangue was the

same in all the stages of the crushing of the ore from

coarse to pulp, and that during the grinding the min-

eral and the gangue were crushed at the same rate.

We know that the fine ore in any stage of crushing

contains more of the valuable mineral than the coarse.

The valuable component is chiefly in the fine ore.

When the pieces of ore are 2 or 3 inches in diameter

we do not find pieces of gold that are 2 or 3 inches

in diameter, nor do we notice similar conditions in

other smaller sizes. The particles of the richest min-

eral, namely, gold, in ores containing free gold, are

in size obviously smaller than the other particles of

the ore.

In the following experiment (Table I) a gold ore

was sized and the various sizes were assayed with

results as stated

.
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quired, the umpire. If a number of results obtained

by different assayers are arranged in horizontal lines,

each line containing the results found for the same

ore, and if each assayer be given a separate column,

we can compare both the work of the assayers among

each other and also the natural unevenness of the

diflferent portions of the same loo-mesh pulp as di-

vided and submitted to the different assay offices. On

adding the columns in corresponding groups of lo or

20 horizontal lines we obtain the total results of the

dififerent assayers on corresponding samples. These

totals generally harmonize, except for certain differ-

ences that are usually one-sided.

Thus, for example, on a number of results assayer

W will be higher or lower than some other assayer

by an amount that for each sample seems trifling

though in the aggregate it may be quite important.

This one-sided difference in the totals is distinct and

characteristic. It may be called the equation of that

jiarticular assay office and represents the sum total

of the methods and persons involved in the work, and

it may be large enough to be serious. If we examine

the items in the horizontal lines we note differences

sometimes larger than is at all usual between the work

(if the best assayers, but these dift'erences are not all

in one direction ; they are capricious, erratic and im-

jjartial. These differences are mainly due to the nat-

ural unevenness of the ore.

To illustrate this unevenness of pulp, the assay

values of different portions of 5-oz. taken from the

same bulk of lOO-mesh pulp, of which 3 A. T. were

used in each of the results reported by the different

assay offices, were compared and set forth in Tables

III and IV. They represent the average and maxi-

mum differences found between different assays, and

for the purpose of intelligent comparison I give also

the differences noted between pairs of Yz A. T. as-

says made in the same assay office and also those

differences noted between duplicate 50 to lOO-lb. sam-

ples taken at the size of ^ in., all for the same lots

of ores B and C, and from a large number of con-

secutive samplings.

If we turn back to the assays of an ore all of which

was reduced to less than 60 mesh, given according to

screen sizes, we note that for such an ore when assay-

ing 1.56 oz. the worst that art could do by screening,

when dividing such an ore at that stage into two

halves by weight, would be to get one-half of an

assay value of 0.3 oz. and the other of 1.26 oz., or

a difference between two samples of 0.96 oz. The
perfectly mixed pulp at 100 mesh of similar ore yields

differences between two Yz A. T. samples of 0.60 oz.

That was the work of chance.

In order to see what would happen when i^^-lb.

lots of ore of different sizes were divided over a single

edge into two portions without any special care to

avoid size separation the following results were ob-

tained. One side of the dividing edge is called "East"

and the other "West." The samples were poured over

the dividing edge from a shovel.

The number of experiments of this kind is far too

small to determine maxima, yet it is instructive. There

need be no surprise at the difference of 0.52 oz. at

60 mesh. A very little experience with what are

called "spotty" ores will convince anyone that with

the best assaying larger differences than 0.52 can

arise between Y^ A. T. samples, crushed to 100 mesh.

The more we ponder on the assumption implied in

the Vezin rule the more we are at a loss to understand

its inception. It seems opposed to the instincts of a

practical mind to imagine that this proportionality of

T.MILE in.

Difference between
pairs of Vz \. T.

S- > 5:iS'. 2

Difference betwe'

pairs of 50 to 100

lots of % inch.

s >

en
lb.

era

1.48

0.8.5

•2.10

3f> 0.88 O.OoO

24 0.28 0.04.3

(J4 0.60 0.068

6.6

.5.:5

y

0.340 0.04 8.5

0.195 0.034 5.7

0.395 0.060 0.6

T.VEI.E IV.—.WERAGE ASS.W.—OUNCES GOLD PER TON.

V2 inch.

Vi incli

.

40

60

Size. East. West. Dift'erence.

'/2 to 74 inch 1.18 1.64 0.46

1.18 1.06 0.07

1.14 1.13 0.01

0.985 1.12 0.135

1.10 0.99 0.11

1.12 0.99 0.13

0.875 0.93 0.055

inch 1..32 1.58 0.26

mesh 1.48 1.485 0.045

0.97 1.05 0.08

1.05 1.08 0.02

0.855 0.825 0.03

mesh 1.45 1.495 0.045

0.99 1.00 0.01

1.07 0.98 0.09

0.81 0.795 0.015
mcsli 1.36 1.88 0..52

0.93 0.97 0.04

0.98 1.00 0.02

0.79 (».88 0.04

100 mesh 1.37 1.36 0.01

1.03 0.98 0.05

0.96 1.01 0.05

082 0^795 0.025

the numbers of the particles of dift'erent things is

going to be preserved through all the crushing of the

ore from coarse to fine in all its stages. The general

observation that the pieces of valuable mineral are

generally smaller than the gangue should have dis-

credited the idea that a fixed ratio between the weight

of a sample and its largest particle should remain con-

stant through all the stages of crushing.

To raise the matter of ore-sampling to a perfect

art, the science of the unevenness of mixed things

must be applied to its operations, and, this being rec-

ognized, means should be taken so that the sarnpling

operation can be checked within itself by the dupli-

cation of the sample at any of its many divisions.
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THE OPPORTUNITIES OF A METALLURGI-
CAL CHEMIST.*

.\ltht>uj,'li tlu' (la\ when all foundry work was car-

ried on by "rule of thinnh" i> over, there are many
foundries tochiv that do not employ a chemist, and, if

you were to ask wh\- thev did not have one. the\

would in\ariahly rcpiv that they did not need one.

Now, the statement that a chemist is not needed in a

foundry is not true, for the simple reason that there

are times when heats tjo wrong, no matter how careful

and watchful the melter may be. and a batch of metal

is consigned to the scrap heap when an analysis of it

would instantly show where the trouble lay and a

means for remedx'ing the same so that the metal coidd

all be saved.

The real reason why the foundry has no chemist is

that the amount of work done would not be sufficient

to warrant the expense connected with the eipiipment

and maintenance of a chemical laboratorv. and it is to

meet the requirements of small concerns where that is

the case, that we have in all our large cities well

equipped laboratories that look after the chemical

Avork of several of these industries.

\VIt.\T THE CHKMIST SIIOULP KNOW.

In order to lie of most use to any foundry the chem-

ist connected with it must be in absolute control of the

weighing, mixing and melting, for the slightest vari-

ations in weight often lead to faulty castings and other

gross errors. Tie must have an accurate knowledge

of the alloying properties of the different metals and

he able to produce alloys for anv desired purpose. He
must know what impurities are allowed and the per-

centages, and he must know a way to eliminate these

impurities if such a thing is possible.

Fluxes he must be acquainted with, their melting

points and other physical properties. It might not be

amiss at this point to name a few of the more im-

portant fluxes and state their general properties.

\-.\RIOUS KINDS OF FLUXES.

A flux, according to our latest chemical dictionaries.

is any substance or mixture used to assist the fusion

of mineral substances. This assistance may be brought

about in dififerent ways, e. g., the flux may act by com-

bining chemically with some part of the substance

under treatment, thus breaking up a compound that

could not easily be separated into its constituents. To
illustrate we can take the metallurgy of copper. Where
low-grade sulphide ores are used in the blast furnace.

iron pyrites (sulphide of iron) is used as the flux ; this

furnishes the sulphur to combine with the copper of

the ore to make the copper matte, and the iron com-

bines with the silica in the ore, forming a slag.

The flux may also act by keeping the fire gases away
from a metal or alloy and thus prevent oxidation, or,

in some cases, absorption of gases ; this is the principal

use to which the flux is put in the foundry.

Of the fluxes in use may be mentioned the following

:

Borax, glass, lime, fluorspar, soda ash, cryolite and

•From The Metal Industry.

salt. ( )f these, borax is by far the most valuable on

account of its power to form highly fluid combinations

when fused with silica and most metallic oxides, .^s

ordinary borax contains about 47 per cent of water, it

has to be melted and the water driven off by heat. The
result of the fusion is known as borax glass. As borax

is somewhat expensive when used alone, it may be

used mixed with an equal amount of powdered glass.

Although of high melting point, w'indow or plate glass

free from lead but high in lime, is to be preferred.

Lime is used in large metallurgical operations as the

flux for silica, clay, etc., as, for instance, in the blast

furnace in the smelting of iron ore, lead ores, etc. The
source of the lime is limestone and should be as pure

as possible.

Fluorspar is used as a flux for sulphates, silicates,

etc., forming a very fusible slag.

Soda ash is a powerful desulphurizcr : it also forms

the most fusible slag with silicates.

Common salt is used verv extensively to prevent

access of air to a melt, and can be used either alone or

mixed with other fluxes.

Cryolite is a valuable flux for ahnninum because it

has the property of dissolving large portions of alumina

in it.

In soldering, anything that will dissolve away the

oxides of the metals to be soldered, leaving clean sur-

faces, may be considered as a good flux. Zinc chloride

is probably used in more soldering fluxes than any

other substance, as it has an exceedingly low melting

point and is an excellent cleaner of most metal sur-

faces—both points of advantage in soldering.

Silica sand is used by all blackstniths as a flux in

welding, as it combines with the iron scale, leaving

two bright surfaces for the weld. I might go on almost

indefinitely in this manner, as for almost every metal-

lurgical operation—be it large or small—a flux of some

nature is needed to separate the impurities from the

metal. import.\xce of temperature.

In anv melting operation it is essential not to over-

heat the metal, and it is the chemist's duty to deter-

mine accurately, by ineans of a pyrometer—of which

there are many reliable makes on the market—the tem-

perature best suited for the pouring of the melt, and

then to make charts giving the weights of the various

metals in an alloy and the temperature at which it

should be poured. Overheating entails a loss in. two

ways—loss of fuel and loss of metal due to- oxidation

—

and relying on the eye for the determination of tem-

perature is very poor practice. I give here in degrees

Fahrenheit the melting points of several of the more

important non-ferrous metals

:

Copper 2,008 degs. Tin 450 degs.

Manganese .. .2,204 degs. Antimony ... .1.166 degs.

Nickel 2.615 degs. Bismuth 5i6degs.

Aluminum . . - 1,215 degs. Gold i,940 degs.

Zinc 786 degs. Silver 1,762 degs.

Lead 620 degs. Platinum 3,187 degs.

It is needless to state the well-known law that alloys

melt at a lower temperature than their constituents.
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THE BRIQUETTING OF IRON ORES.*

By CHEVALIER C. DE SCHWARZ.t

The question of briquetting iron ore is one which

becomes of increasing importance every year, not

only owing to the fact that iron ore in general, and

lump ore in particular, are becoming more and more

scarce, at least in Europe, but also because of the se-

vere conditions imposed by modern blast furnaces ; not

only in regard to the chemical composition, but also to

the physical conditions of the ore.

The use of improved and more effective explo-

sives in the iron mines, as well as the fact that iron

ores have to be transported over long distances and

frequently reloaded before they reach their destina-

tion, tend to increase the percentage of small and

dust ore, to the disadvantage of blast furnace work-

ing which—on account of the greater height of the

furnaces themselves, the high pressure of blast, and

the use of blast furnace gases for gas engines—re-

quire an ore which is not too fine nor too dusty.

The blast, being of comparatively high pressure in

modern blast furnaces, will naturally blow out a con-

siderable portion of the fine ore, which will mix with

the escaping blast furnace gases, causing well-known

inconveniences. This is the more objectionable, as

the blast furnace gases are now, almost everywhere,

utilized for driving gas engines, for which purpose

the gas must be almost entirely free from dust.

The fine ore, during its downward passage in the

blast furnace, advances quicker than the lump ore,

charged at the same time; consequently it is not ex-

posed long enough to the beneficial reducing influence

of the carbon monoxide gas arising from below. It

therefore leaves the zone of reduction in the blast

furnace imperfectlv freed from oxygen, and, as a

consequence, clogs together as soon as it reaches the

zone of carbonization, caqsing scaffolding, and even

explosions.

A considerable number of methods for briquetting

iron ore have been brought out, but none as yet which

can be applied generally with success. A few of the

methods introduced into practice have proved success-

ful, but only for certain kinds of ore, or in local cir-

cumstances and conditions. Some methods which

have' yielded favorable results with a particular kind

of ore have entirely failed with other ores. Experi-

ence has also shown that the method to be adopted

must be modified to suit the nature of the ore, not

alone with reference to its physical condition, but

more especially with regard to its chemical compo-
sition. Most of the different methods that have been

tried for the briquetting of fine-grained ore have

proved to be too expensive, not alone with refer-

ence to initial outlay and cost of manufacture, but

also, indirectly, on account of the great reduction of

•Paper read at the Buxton. England, meeting of the Iron and
Steel Institute, Sept. 26-30. 1910.

tLiege, Belgium.

the contents of iron in the ore which occurs owing to

too great an addition of binding material.

The conditions for successful briquetting are

:

1. The iron ore briquettes must have a certain

resistance against mechanical influence. They must

resist a pressure of not less than 2,000 lbs, per square

inch, and, when dropped from a height of 10 ft. on a

cast iron plate, they must not fall into dust, although

they may break into pieces.

2. They must resist heat. Heated to 900° C. they

may commence to sinter, but they must not disinte-

grate into small fragments.

3. They should be capable of being placed in wa-

ter for a certain time without softening.

4. They must resist the influence of steam at 150°

C. without crumbling.

5. They must possess a certain amount of porosity

in order to allow the carbon-monoxide in the blast

furnace to penetrate the interior of the briquette and

to exercise its beneficial reducing influence. In or-

der to test the briquettes for porosity, they are, after

being dried, placed for about 25 minutes in water, dur-

ing which time they ought to absorb not less than

123^2 to 16 per cent of water, according to the nature

of the ore.

6. The binding medium, if any is used, should not

contain noxious substances (sulphur, arsenic) to such

an e.xtent as to be injurious to the quality of the pig

iron produced.

7. The cost of producing briquettes should not

exceed the difference in the prices between lump ore

and fine ore.

The different systems of briquetting ore can be

divided into those in which a binding medium is used

and those in which no binding medium is used. The
former may again be divided into methods employing

inorganic and organic binding materials, respectively.

In most of the cases, where no binding medium is

used, the briquettes have to be heated at considerable

expense, but there are exceptional cases where no heat-

ing is necessary notwithstanding that no binding me-

dium is employed. This case presents itself where

the iron ore contains a certain percentage of clay, be-

cause in such cases it contains in itself a binding me-

dium. Clay iron ore and bean ore are instances.

At Kertsch, in Russia, where bean ore is briquetted,

the latter is mixed with 8 per cent of water and made
into briquettes under a pressure of about 5,600 lbs.

per square inch. At Ilsede, in Germany, where clay

iron ore is used, it is mixed with the waste of the iron

ore washing plant and with other powdery waste

products coming from the rolling-mills and containing

sufficient iron. The mixture, which is not allowed to

contain more than 6 per cent of water, is heated to

about 75° C. and pressed into briquettes, the pressure

being about 4,000 lbs, per square inch. In both the

above cases no heating of the briquettes is necessary,

and no binding medium is used.

The results obtained at Kertsch and at Ilsede nat-
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urally suggest the addition of common clay to other

iron ores (containing no clay) as a binding medium

in order to make briquettes by means of a cheap me-

dium, and without going to the expense of heating the

briquettes. However, it has been found that—in or-

der to achieve the desired result—it is necessary to

add a comparatively large percentage of clay to the

ore, thus indirectly reducing its contents of iron to

too great an extent. Common clay contains, more-

over, a high percentage of silica, requiring extra addi-

tions of limestone. The practice of using clay as a

medium has therefore been abandoned, and it is only

employed in cases where ferruginous clay is at dis-

posal.

In some cases it has been sought to avoid the use

of a binding medium, as well as the heating of the

briquettes, by employing very high pressures, rising

gradually to 11,000 lbs. per square inch, for making-

briquettes : but although the briquettes made in this

w-ay have been very firm and offer great resistance to

mechanical influences, they expand when exposed to

heat and fall to pieces ; besides which they are too

dense, and this considerably interferes with their re-

ducibility.

Of all systems of briquetting iron ores w'ithout a

medium, by heating the briquettes after they have left

the press, the Grondal process, so called after the

name of the inventor, has proved to be the most suc-

cessful for magnetic ore.

The following is a short description of this process:

The raw ore, containing from 27 to 58 per cent of

iron, is broken up by means of a stonebreaker and

then ground to sand in a ball-mill. From this sand

the pure magnetic ore, the so-called "concentrate." is

extracted by means of magnetic separators.

The "concentrate," containing from 67 to 71 per

cent of iron, is moistened and made into briquettes

about 6 in. square and 2]/^ in. thick, with rounded

edges. No addition is made.

The briquettes are then laid in three row^s edgeways

upon small iron w-agons and transported into a fur-

nace heated with generator and blast-furnace gases.

Heated and compressed air is supplied by means of a

Korting blower in such quantity as to produce a

highly oxidizing flame, whereby the magnetic ore

(FCjO,) is oxidized to peroxide of iron (Fe^O,).

The sulphur is considerably reduced during this op-

eration.

The comparative table (Table I) gives the chem-
ical composition of the raw ores, concentrates, and
briquettes in different cases.

TABLE I.

Raw Ores. Concentrates. Briquettes.
Name of

place. Fe% S% P% Fe% S% P% Fe% S% P%
Flogberget . . .27.3 0.31 0.003 67.4 0.04 0.003 0.5.3 0.007 0.003
Herrang 40.2 1.21 0.003 67.3 0.17 0.002 65..5 0.003 0.007
Lulea .58.2 0.11 1.23 71.1 0.01.5 0.00.5 6H.3 0.005 0.005
Strassa 46.8 0.03 0.01.5 G9.2 0.01.5 0.003 67.1 O.OOo 003
Cornwall,U.S.S.30.6 1.60 0.012 69.9 0.0.36 O.003 67.9 0.010 0.005

One furnace, about 150 ft. long and 5 J/ ft. wide,

produces, on an average, 200 tons of briquettes in a

week, the cost of production being at 3s 4d per ton of

finished briquettes, exclusive of general expenses and
royalties.

The briquettes are hard and porous, and quite suit-

able for the blast-furnace ; but the cost of production

appears to be rather high, in consequence of which the

Grondal process has not, except in Sweden, been much
adopted. In Sweden there are at present 27 Grondal

furnaces at work, with a total output of about 300,-

000 tons of briquettes per year.

The reason why the Grondal process is of special

value to Sweden lies principally in the fact that the

working of the blast furnaces in that country is al-

most entirely based on the use of charcoal. The slag

of charcoal furnaces being—for well-known reasons

—

acid, it does not absorb sulphur, consequently nearly

all the sulphur in the iron ore goes into the pig iron

instead of into the slag. This is also the reason why
the blast-furnace owners in Sweden object to use any

iron ore containing more than 0.015 per cent sulphur.

From the comparative table it will be seen that the

raw ore contains considerably more sulphur than the

above-mentioned limit, and it is therefore absolutely

necessary to reduce the percentage of sulphur in the

raw ore, not only by means of the magnetic separator,

but also by heating the briquettes to a high temper-

ature (given at 1,400° C.) and in an oxidizing flame.

Although the ])ercentage of iron in the bri-

quettes is somewhat reduced, owing to the trans-

formation of magnetite (Fe.,04) into peroxide of iron

(FcoO,), this disadvantage is more than compensated

for not only by the expulsion of sulphur, but also by

the fact that peroxide of iron (Fe203) is much more

easily reduced and requires considerably less fuel in

the blast furnace than block oxide of iron (FejO^).

Considering that charcoal is becoming more and

more scarce from year to year, and, as a consequence,

more expensive, the question of economizing fuel is

of special importance to Sweden.

Experience has shown that briquettes made of

FcjOi (magnetite) require in the blast furnace 300

lbs. more charcoal per ton of pig iron than those

made of Fe^Oj, equal weights and percentages of iron

being taken in each case. This difference in the con-

sumption of charcoal represents a reduction in the

working expenses of about 6s 6d per ton of pig iron in

favor of FCjOj against FcgO^. The success of the

Grondal process, notwithstanding its high cost, is

therefore justified for Sweden, as well as in such oth-

er countries in which charcoal, togetSer with sul-

phurous ores, have to be employed.

Considering that the melting point, and therefore

the sintering temperature, of magnetite is compara-

tively low, the briquettes made of "concentrates"

(Fe304) begin to sinter and to harden at a temper-

ature of from 800° to 900° C. However, as already

mentioned, the temperature is raised to about 1,400° C.

in order to expel as much sulphur as possible. It may
also be mentioned that the process of converting the
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FcjO^ into Fe^Oa, being an oxidation process, is ac-

companied by a development of heat, thus economiz-

ing fuel to a certain extent.

The suggestion has been made of using briquettes

made of "concentrates" directly in the open-hearth

furnace, as a decarburizing and, at the same time, en-

riching addition to the metal bath.

The use of iron ore in the open-hearth furnace

for that purpose is already well known, but such ore

must be comparatively rich in iron, and it must not

contain noxious substances to such an extent as to

interfere with the quality of the steel produced. From

the chemical analysis, given in the comparative table,

it will be seen that the "concentrates" (and therefore

the briquettes made therefrom) quite fulfill these con-

ditions, the percentage of sulphur in the "concen-

trates" varying, with the exception of those from Har-

rang, between 0.015 ^""J 0-04 P^^ cent. Considering,

further, that, as a rule, only 25 per cent of iron ore is

used in the open-hearth furnace, the contents of sul-

phur in the ore added will be indirectly reduced to

one-fourth (0.004 per cent to o.oi per cent) in the fin-

ished steel, which is not high enough to interfere with

its quality. In the case of briquettes made, as sug-

gested, from concentrates, for use in the open-hearth

furnace, it would not be necessary to heat them up

to 1 ,400° ; it would also not be necessary to oxidize

them from Fefi^ to Fe.O,, and to make them porous.

For use in the open-hearth furnace they can be pressed

at a considerrbly higher pressure, whereby they would

become more compact, which is made advantageous

for use in the open-hearth furnace, because thev will

then be specifically heavier, and therefore sink deeper

in the bath, instead of floating upon the surface for a

long time, like red or brown ore, which, with the ex-

ception of specular iron ore, is comparatively much
lighter in weight.

As FcjOi commences to sinter at a temperature of

from 800° to 900° C, the briquettes made of "con-

centrates" will become hard at this temperature, and
need not be heated above it. This advantage, together

with the fact that they need not be porous (and there-

fore not changed from Fe,0^ to Fe„0.,), makes the

briquettes considerably cheaper and richer in iron

when used in the open hearth instead of the blast fur-

nace.

In order to avoid the cost of briquetting, an at-

tempt has been made to agglomerate the fine-grained

ore in a rotary furnace. This method appears to be of

special value in cases where the agglomeration can be

combined with the roasting of the ore, should the lat-

ter be necessary or advantageous, as, for instance,

when spathic ore, brown ore, or iron ore with a high
percentage of sulphur, is to be agglomerated.

The fine-grained ore to be agglomerated in a rotary

kiln is mixed with coke dust (which can generally be

procured very cheaply) in order to reduce the oxy-
gen in the ore. The Fe^Og in the ore can thus be part-

ly changed into FeO, which would enrich the ore in

Fe, and, at the same time, reduce the temperature nec-

essary for agglomerating.

Considerable difficulties have, however, been expe-

rienced with this method of agglomeration. First, it

has been difficult to regulate the temperature in the

rotary furnace in such a way that the necessary sinter-

ing should take place without melting. Secondly, it

has been found that the ore, as soon as it commences

to agglomerate, adheres to the inner fireproof lining

of the rotary furnace, thus causing scaflfolds, which

have to be removed at considerable expense.

These difficulties are more frequently experienced in

cases where coal-dust firing is employed for heating

the rotary furnace, because, in these cases, the ashes

of the coal, consisting chiefly of silica and alumina,

mix with the ore and cause scaffolds, besides indirect-

ly reducing the contents of iron in the agglomerated

ore. The use of gas instead of coal-dust firing may,

therefore, prove advantageous in this case, partly be-

cause the temperature in the rotary furnace can be

more easily regulated according to requirement, and

partly because no ash becomes mixed with the ore.

The use of slaked lime as a binding medium for

fine-grained ore has been known for many years, and

it has also been found that briquettes quite suitable for

blast-furnace use can be made when the slaked lime is

mixed with some granulated basic slag. Compared

with other methods this process of briquetting is

rather expensive and also considerably reduces the

percentage of iron in the briquettes, because from 7
to 8 per cent of binding material, containing no iron,

has to be used. Besides this, the briquettes have to

be exposed for a considerable time to fresh air in or-

der that the calcium oxide in the briquette may ab-

sorb sufficient carbon dioxide, because hydrate of lime

as such would lose its water in the upper portion of

the blast furnace, and the briquettes would therefore

crumble to dust. The transformation of CaO into

CaCOj also means another indirect reduction of the

percentage of iron in the ore, not to mention that a

great amount of space and extra labor are required

for stacking and for keeping the briquettes, in order

that this transformation takes place. This method of

briquetting ore has therefore not found extensive ap-

plication.

Burnt lime, either alone or mixed with clay or ashes,

has also been tried, but without success. This may
easily be understood from the fact that—owing to

the presence of steam and carbon dioxide in the upper

portion of the blast furnace—burnt lime absorbs water

and carbon dioxide, thus changing into hydrate of lime.

These reactions—being accompanied with a certain

evolution of heat—cause "upper heat," a serious in-

convenience known to every blast furnace manager.

Besides these there are other disadvantages attending

the use of lim.e. Gypsum, as well as cement, has also

been tried as a binding medium. The former con-

tains too much sulphur, and neither material resists the y
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influence of heat, although the briquettes withstand hu-

midity as well as mechanical influences.

More success has been achieved by using as a biml-

ing- medium a mixture of sand and slaked lime. Equal

parts of these materials are mi.xed and ground into

fine powder, and then intimately mixed with dust ore.

After being moistened the mixture is pressed into

briquettes, charged into boilers, and exposed for some

hours to the influence of superheated steam under

pressure, after which the briquettes are ready for the

blast furnace, .\bout f) per cent of the above-men-

tioned binding medium is required.

This method of briquetting iron ores depends on the

fact that the silica in the sand—owing to the influ-

ence of superheated steam—is converted from the

insoluble into the soluble condition, ready for com-

bination. This method has given very good results

in respect to the quality of the briquettes produced,

but it has not found very general practice on ac-

count of its high working expenses as well as its high

initial outlay.

Another method of briquetting, based on the same

principle, consists in the use. as a binding medium, of

basic blast-furnace slag, which was exposed to steam

pressure as mentioned before. However, as nearly

ID per cent of this medium is required to obtain good

briquettes, it has been found that the percentage of

iron in the ore becomes too much reduced.

Spathic ore. mixed with lime, is also successfully

used as a binding medium, provided that the bri-

quettes are exposed to steam pressure for a certain

time. This process is based on the fact that hydrate

of lime and carbonate of iron (spathic ore), when

intimately mixed and exposed to steam pressure, be-

come converted into hydrated ferrous oxide and car-

bonate of lime (limestone). The former, being of a

gelatinous nature, serves as a binding medium and

changes, later on, into hydrated sequioxide of iron.

This process is carried out in the following manner

:

A mixture of two jiarts of spathic ore with one part

of lime, reduced to powder, is prepared. Of this

powder 15 per cent is added to the ore to be briquet-

ted, the whole moistened—whereh\- the lime is con-

verted into hydrate of lime—and made into briquettes

under a pressure of about 6,000 lbs. per square inch.

These briquettes arc packed—edgewise—on wagons,

after which they are charged into boilers, where they

are exposed to a steam pressure of eight atmospheres

for a period of 454 to 6J/2 hours. In case spathic ore

alone is to be briquetted an addition of 6 per cent

of lime is sufficient. In the latter case cylindrical

briquettes of about sV^' '"• diameter and 45 S in. in

height are generally made.

The briquettes made according to this method are

very good, but expensive, besides which the plant re-

quires a high initial outlay.

Great success has been obtained in briquetting

blast-furnace flue-dust, which is principally due to

the fact that this by-product already possesses hy-

draulic properties, because—like cement— it contains

lime, alumina, and soluble silica ready for combina-

tion. In addition to this it has been found that by

adding certain salts, such as chloride of magnesium,

chloride of calcium, green vitriol (FeS04 -(-7H.,0),

or acids, such as sulphuric or hydrochloric acid, those

hydraulic properties can be raised to such a degree

that very suitable briquettes can be made from the

dust.

Of these additions chloride of magnesium

(MgCl.>) has been found to be, generally speaking,

the most suitable, because it is cheap (being a by-

product in the manufacture of certain artificial ma-

nures), and because it does not contain any noxious

substances. Owing to the high temperature in the

blast furnace, the chloride of magnesium is decom-

posed into magnesium and chlorine. The former en-

ters into the blast furnace slag as MgO, and the lat-

ter combines with hydrogen to form hydrochloric

acid. The acid further combines with the free lime

to form chloride of calcium, which is finally absorbed

b\- the water used for washing the blast furnace gases.

In some instances it has been observed that the iron

portions of the furnace top become slightly attacked,

which is ascribed to the presence of hydrochloric acid

not fully neutralized.

This process of briquetting, called after the in-

ventor, the "Schumacher" process, has given very sat-

isfactory results, not only with reference to the quali-

ty of the briquettes produced, but also as far as cost

of production and initial outlay are concerned. It

must, however, be pointed out that the blast-furnace

flue dust used for briquetting must be used almost im-

mediately after having been removed from the catch-

ers, and that, like cement, it must be protected against

humidity before briquetting. The installation for

briquetting flue dust should, therefore, be situated in

the close proximity of the blast furnace from which

the flue dust is taken.

It is to be regretted that this process can only be

used for briquetting blast-furnace flue dust. With

the exception that in some instances where the chem-

ical composition of the flue dust is particularly favor-

able to the purpose, and addition of about 40 per cent

of purple ore to the flue dust has been found to be

admissible ; the latter thtis acting, as it were, as a

binding medium to the former.

Another method of briquetting flue dust consists iit

the use of basic blast-furnace slag, after having been

exposed to steam pressure. Owing to the influence of

compressed steam the silica in the slag changes from

the insoluble to the soluble variety, and combines with

the lime in the flue diist to a kind of cement, which

acts as a binding medium. If the lime in the flue dust

is insufficient, another 4 to 43/' per cent is added. The

briquettes made in this way are quite suitable: but

taking into consideration that from 8 to 12 per cent

of binding medium, containing no iron, has to be used.
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the contents of iron in the briquettes is too much re-

duced to make this method profitable.

organic matters, such as waste lye, resulting (as a

by-product) from the manufacture of sulphite cellu-

lose, and molasses have been used for briquetting flue

du_t as well as other iron ores. In the former case,

the lye is concentrated to a syrup, thus constituting

a kind of pitch called "Zellpech" ("cellulose-pitch")

in Germany, where it is used. On an average, about

6 per cent of this binding medium is intimately mixed
with the flue dust or ore, and pressed into briquettes

under a pressure of not less than 9,000 lbs. per square

inch. The briquettes made with "cellulose-pitch" are

suitable, but, as the binding medium i.-, very expen-

sive (40s a ton), the financial success of thi.; method
is rather doubtful.

The use of molasses as a binding medium was tried

for briquetting the ferriferous residues of the aniline

manufacturing process as well as for briquetting flue

dust—this process being as follows: One part of

cheap molasses, by volume, is mixed with two volumes

of silicious sinter ("Kieselguhr"). 0.4 parts bv vol-

ume of carnalite and 100 parts, by volume, of the ore

to be briquetted. The briquettes are allowed to dry in

the open, after which they are charged into the cham-
bers of an annular furnace, such as is used for burning
ordinary bricks. Here they are heated up to i.ooo"

C, when they begin to sinter and to harden.

This method of briquetting is accompanied by high

working expenses and considerable initial outlay. The
employment is therefore only justified when the by-

product of the aniline manufacturing process, contain-

ing about 67 per cent of iron, is to be made into bri-

quettes.

As before mentioned, this process -was also tried for

briquetting blast-furnace flue dust, but it was aban-

doned, probably on account of the too liigli cost.

Besides the above-mentioned methods of briquetting

fine-grained ores, or blast-furnace flue dust. etc.. there

are numerous other methods of briquetting with or

without a binding medium. In the former case solu-

ble glass (alkaline silicate), asbestos, basic slag, naph-
thalin. paraffin, resinous soap, as well as other in-

organic and organic materials, are used, and in the lat-

ter case smelting is conducted in a reverbatorv fur-

nace. Treatment with liquid iron, or in an electric

furnace, has been proposed and also tried in practice,

but in all cases without result. .\s there is also no
reason to believe that these methods will ever be tried

again, the author does not consider it necessary to go
into details about them.

From what has been said it may appear that a uni-

versal method of briquetting fine iron ore, fulfilling

the conditions enumerated earlier in this paper, has

not been invented as yet, and probably never will be.

Taking the financial results of the different meth-
ods of briquetting into consideration, it is found that

the methods of briquetting practiced at Kertsch in

Russia and at Ilsede in Gennany appear to be the most

economic, the working expenses, as reported, amount-

ing only to one shilling per ton of briquettes. As al-

ready previously mentioned, this method can, how-

ever, only be applied successfully when the ore con-

tains hydrate of alumina to serve as a medium.

The manufacturing expense of briquetting by the

Grondal process amount to 3s 4d per ton of briquettes,

exclusive of general expenses, redemption and royal-

ties, for which at least is 4d will have to be added,

thus resulting in a total expense of 4s 8d per ton of

briquettes. This would be far too high to allow of the

general introduction of this process. However, the

Grondal process is of particular value for Sweden,

where its use has become almost unavoidable in order

to be able to utilize the iron ore of that country ; be-

sides, its use is, in Sweden, combined with a saving of

6s 6d per ton briquettes in fuel, thus resulting in a

final saving of is lod (6s 6d—4s 8d) per ton in favor

of the Grondal process. Similar results may also be

obtained with this process where charcoal is used as

fuel in the blast furnace.

Of all the different methods employed for briquet-

ting blast-furnace flue dust, the "Schumacher" process

has given the best financial results, the cost of bri-

quetting according to that method amounting to is 8d

per ton briquettes only, without royalty.

The other methods of briquetting iron ore flue dust

and other ferruginous residues of other industries,

as described before, have given less favorable financial

results, the cost of briquetting amounting from 2s 6d

to 3s 9d per ton briquettes. Besides this it must be

mentioned that where a binding medium is used, on

an average about 7 per cent is required to be added to

the ore. thus reducing considerably the percentage of

iron. In several cases it has also been found neces-

sary to stack the briquettes for several weeks in the

open before they could be used, thus requiring a good

deal of space and extra labor for transporting and

handling.

Finally, it may be mentioned that at present an es-

tablishment for making briquettes is being erected at a

Belgian works according to a new process introduced.

According to this method from 2J/2 to 45/2 per cent

of binding medium, costing about i6s a ton, is used.

The initial outlay for a plant turning out five tons of

briquettes an hour, amounts to about £2,500, and the

manufacturing expenses, inclusive of general ex-

penses, to IS 6d per ton briquettes. The briquettes

fulfill all the conditions enumerated in this paper, and

can be used within 24 to 36 hours after having left

the press, no heating or any additional work being

necessary. By this method, not only fine ore, but also

rolling-mill and forge-scale (Fe^O^) have been

briquetted with success, the latter having been suc-

cessfully used as an enriching and decarbonizing addi-

tion in the open-hearth furnace.

The Australian government is to establish timber

seasoning deoots in the various states.
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Forty-third annual meeting of the American Chem-

ical Society 4'

FORTY-THIRD MEETING OF THE AMERI-
CAN CHEMICAL SOCIETY.

The American Chemical Society held its winter

meeting for 1910 at Minneapolis, from December 28th

to December 31st. There were about 275 members in

attendance and the papers on the program were of

considerable interest. At the meeting of the Execu-

tive Committee of the society, Dr. Alexander Smith,

University of Chicago, was elected president of the

society for the coming year.

Ahother important matter coming before the coun-

cil was the policy and editorship of the industrial

journal of the society, the council expressing its

opinion as to the policy "that the Journal should

be one to impress the members rather than one

in which they may express themselves." This

policy being at variance with the opinion of the present

editor, his resignation was accepted and Professor M.
C. Whittaker of Columbia University was elected in

his place.

The general program included addresses by F. W.
Clark, "Report from the International Committee

on Atomic Weights" ; "The Lost Arts in Chem-
istry." by W. T. Richardson ; "The Basis of In-

dustrial Efficiency," by .\. D. Little ; "Synthetic

Metals from Non-Elements," by Herbert M. McCoy;
"Progress in Food Chemistry," by H. E. Barnard

;

"Mechanism of Cell Activity," by Carl L. Alsberg;

"Waste Wood and Some of Its By-Products," by Geo.

B. Frankforter. In addition to these addresses Presi-

dent McPherson of Section C spoke on "The Forma-

tion of Carbo-Hydrates in the Vegetable Kingdom,"

Chas. F. Burgess on "The Efficiency of the College

Graduate in the Chemical Industry," and President W.
B. Bancroft on "A Universal Law."

The program was too extended to give detailed men-

tion of all the papers presented.

The society met in the following sections: Bio-

logical, Organic, Pharmaceutical, Physical and Inor-

ganic Chemical Education. Agricultural and Food
Chemistry, Fertilizer Chemistry, Industrial Chemists

and Chemical Engineers,

Some of the papers in the Chemical Education Sec-

tion were very interesting and instructive. The three

papers presented which probably aroused the most in-

terest were the addresses of C. F. Burgess, as chair-

man, the papers by Drs. Walker and Lewis on "Labor-

atory Course in Chemical Engineering," and by Dr,

Withrow on "Points of \'iew on Teaching Industrial

Chemistry."

Believing that our readers are interested primarily

in the work as presented by the Industrial Chemists

and Chemical Engineers, the complete program for

this division is given below.

DIVISION OF INDUSTRI.\L CHEMISTS AND CHEMIC.\L EN-

GINEERS. EFFICIENCY SYMPOSIUM, P.^PERS.

1. J. T, Donald. "An Improved Process for Fin-

ishing Beef Extract."

2. A. D. Smith. "Self-Recording Efficiency."

3. F. B. Porter. "Efficiency in Acid Phosphate

Manufacture."

4. Walter P. Schuck. "Chemistry as a Factor in

Foundry Efficiency."

5. Jas. C. Lawrence. "Note on the Utilization of

Lumber Waste."

6. W. S. Williams. "The Use of Pero.xide for

Silk Bleaching."

7. C. F. Wood. "Economical .Steam Generation."

8. C. M. Ballard. "The Importance of Eliminating

.-^ir Leaks in the Manufacture of Sulfite Acid."

9. S. W. Parr and F. W. Kressman. "The Spon-

taneous Combustion of Coal." Illustrated by lantern.

10. George P. Dieckmann. "The ]Modern Alanu-

facture of Portland Cement from the Chemical and

Mechanical Standpoint." Illustrated by lantern.

11. Harrison E. .Ashley and Warren R. Emley.

"Errors in Determining the Sixes of Grain of Min-

erals and the Use of Surface Factors."

12. Harrison Everett Ashley. "The Utilization of

Smelter Smoke in Preparing Sulphates from Clays."

13. G. A. Abbott. "The Determination of Water
in Mixed Paints."

14. -A. H. Sabin. "Linseed Oil."
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15. Harry McCorinack. "A Alodified Process for

Cane Sugar Manufacture."

16. H. W. Rohde. ""Xotes on the Production and

Composition of Mexican Pulque and Mescal."

17. G. W. Thompson. "The Importance of a Stand-

ard Temperature for Specific Gravity-Determinations

and for Standardizing Standard ^leasurings."

18. Percy H. Walker and F. W. Smither. "Plati-

num Laboratory Utensils."

19. H. C. Hamilton. "Soaps from Different Glycer-

ides." (Their germicidal and insecticidal values in

themselves and when mixed with active agents.)

20. J. K. Clement. "The \\'ork of the Chemical

Laboratories of the Bureau of Mines.
'

21. W. D. Richardson. "Experiments on the Cor-

rosion of Iron."

22. John White. "The Determination of Moisture

in Coal."

23. Wm. M. Barr. "The Disintegration of Con-

crete in Septic Tanks."

24. Geo. C. Whipple and Melville C. Whipple.

"The Solubility of Oxygen in Sea Water."

25. Chas. P. Fox. "Tensil Strength of Hair

Cloth."

26. Geo. L. Heath. "The Exact Electrolytic Assay

of Refined Copper, i. Standard Method. 2. In Sole-

noid with Revolving Electrolyte."

27. Geo. L. Heath. "The Determination of Ar-

senic and Antimony in Copper. Including a New
Rapid Volumetric Method."

THE VOLATILE MATTER OF COAL.

The \'olatile Matter of Coal is the title of the first

bulletin to be issued by the new Federal Bureau of

Mines. The authors. Horace C. Porter and F. K.

Ovitz conducted their investigations at the Pittsburg

station while it was under the Technologic Branch of

the Geological Survey, the work being a continuation

of the fuel investigations begun several years ago at

the Louisiana Purchase Exposition, St. Louis, Mo.
The results obtained at that plant showed that the

work of determining the fuel values of the coals and

lignites in the United States with a view to increasing

efficiency in their utilization would be incomplete

if it did not include systematic physical and chemical

researches into the processes of combustion. Hence in

their later investigations the authors carried on such

researches, concentrating attention on those lines of

inquiry which promised results of greatest economic

importance. This bulletin is therefore a report on an

investigation of the volatile matter in several typical

coals—its composition and amount at diffei-ent tem-

peratures of volatilization.

Quoted directly the authors say: "The investigation

has already shown that the volatile content of different

coals differs greatly in character. The volatile matter

of the younger coals found in the West includes a large

proportion of carbon dioxide, carbon monoxide, and

water, and a correspondingly small proportion of hy-

drocarbons and tarry vapors. The older bituminous

coals of the Appalachian region yield volatile matter

containing large amounts of tarry vapors and hydro-

carbons, difficult to burn completely without consider-

able excess of air and a high temperature. Coal of the

western type, moreover, gives up its volatile matter

more easily at moderate and low temperatures than

that of the other type. The volatile matter produced

at medium and low temperatures is rich in higher

hydrocarbons of the methane type, such as ethane and

propane, which contain a larger portion of carbon than

is present in methane.

"These facts help to explain the difficulty of burn-

ing Pittsburg coal, for example, without smoke, the

low efficiency usually obtained in burning high-volatile

western coals, the advantage of a pre-heated auxiliary

air supply introduced over a fuel bed, and the advan-

tage of a furnace and boiler setting adapted to the type

of fuel used. They l>ear directly also on the question

of steaming 'capacity' of coal for locomotives, the de-

signing and operation of gas producers for high-vola-

tile fuels, and the operation of coke ovens and gas re-

torts.

"The results show further that certain bituminous

coals of the interior and Rocky Mountain provinces

give promise of good yields of by-products of coking,

notably ammonia and high candle power gas, compar-

ing favorably in these respects with the high grade

coking coals of the eastern province.

"They show also that inert, non-combustible mate-

rial is present in the volatile products of different kinds

of coal to an extent ranging from i to 15 per cent of

the coal."

The bulletin will be of interest to fuel engineers, de-

signers and builders of gas producers, gas and coke

manufacturers, superintendents of power plants, rail-

way master mechanics and those engaged in the sup-

pression of smoke. The bulletin may be obtained by

applying to the Director of the Bureau of Mines,

Washington, D. C.

The United States consul at Berlin, Germany, re-

ports that fuller's earth is found in the English Jura,

in the Belgian chalk formations, in Rosswein and

Siebelehm in Saxony, and along the Oder River in

the Province of Silesia. Statistics giving the vol-

ume of the production in Germany are not available,

but fuller's earth is extensively imported, especially

from Florida and other parts of the United States.

The volume of such import is, however, not separately

given, it being included with "earths and raw minerals,

not specially mentioned," and is entered duty free. Its

principal uses in Germany are to dissolve fats and

oils used in the soap and other industries, to scour

and cleanse cloth, in the manufacture of colored

paper and rugs, in the production of ultramarine, and

also in the manufacture of an article to clean out

spots.
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BARITE (BARYTES).
By SCHUYLER FRAZIER.*

OCCURKENCE AND METHODS OF PREPARATION.

Barite or heavy spar when pure is a white amos-

])liorous or crystalHne mineral of a specific gravity of

4.35 ; chemical composition = BaSO^, barium sul-

phate. It is almost insoluble in water, soluble in

strong sulphuric acid and has a melting point of

1580° C. This mineral is frequently found in the form

of solid veins varying from a few inches to several

feet in thickness, sometimes in contact with limestone

and partly combined with it. Often barite occurs in

connection with iron ore and other deposits, usually in

the shape of irregular and rounded boulders of all sizes

up to several hundred pounds in weight. Surface de-

posits of greater or less extent, of barite boulders oc-

cur frequently. Part of the mineral is intermingled

with clay of yellow and red color and pieces of

quartzite, etc., while the surface barite may have been

weathered tolerably clean. Barite of this character is

generally superficially stained red with iron oxide, and,

to some extent, rather thick crusts of iron oxide adhere

to the mineral.

The quality of barite varies greatly, in dift'crent de-

posits, of the nature just described, in respect to the

fact that in some cases the adhering clay and iron ox-

ide can be pretty thoroughly removed from the mineral

bv suitable washing processes, while in other cases

tiie iron oxide adheres strongly to or penetrates the

barite and can only be separated with difficulty and by

special treatment. There are a few deposits of barite,

particularly of the form found in a solid vein, in which

the mineral may be found practically entirely free from

impurities. Mines of this nature, if of sufiicient ex-

tent, are of greater value in respect to eliminating the

cost of purifying the mineral to make it marketable.

Barytes is used as an ingredient in the filler in manu-

facturing certain grades of paper and as a pig-

ment; also for other purposes requiring a substance

of high specific gravity and practically indestructible

as to action of the atmosphere and most chemical

compounds.

The trade demands that the mineral shall be ground

as finely as possible and that for the better grades the

color shall be very white.

To obtain the necessary fineness the mineral after

grinding has to be floated in water or separated in

•Chemical Engineer. 6437 Peoria St., Cliicago, III.

an air current because it is impossible to perform this

operation to so delicate a degree by means of screens

or bolting cloth. To obtain the necessary degree of

whiteness any iron in the mineral must be removed

by boiling in acid, also an ore must be selected of low

silica contents for the reason that silica tends to pro-

duce a gray color. Silica is objectionable also because

it is difficult to grind and causes rapid wearing of the

mills. Besides this, silica having a lower specific

gravity than barite will float larger particles m tlie

separating process and cause a gritty texture in the

fine floated barytes.

These considerations indicate the desirability of se-

lecting an ore deposit of the best possible grade if it

is expected tu produce ground and floated barytes

profitably.

Barytes is merchantable as tripple floated, viz., free

from grit and uniformly fine as tested between the

teeth and examined by microscope. As to color, usually

three to five grades are recognized by comparison of

samples wetted with turpentine and the price ranges

accordingly between $i6 to $8 per ton in barrels

f. o. b. New York.

Reference may be had to various articles hereto-

fore published in The Chemical Engineer, The En-

gineering and Mining Journal, Oil Paint and Drug

Reporter, various bulletins of the United States Geo-

logical Survey, etc., all containing interesting infor-

mation as to deposits of barytes, and manufacturing

methods employed. The ore is found and mined

largely in Missouri, Kentucky, Virginia, Tennessee

and Georgia, and to some extent in other states. The

deposits known are numerous and there are many

yet to be discovered and prospected in the parts of

the last three states where mineral developments have

been retarded for lack of railroad facilities. Some of

this territory is now being penetrated by new railroads

and its varied mineral resources will repay careful

investigators.

In many localities it is possible to purchase a min-

eral deposit from the land owners—largely uneducat-

ed white mountaineers—for a few hundred dollars, or

to lease on a basis of 15 cts. to 25 cts. per gross ton

royalty on mineral extracted. Including a 25 cts.

royalty it is generally possible to mine and deliver

barytes to the nearest railroad on a three-mile to five-

mile haul at a cost not exceeding $1.75 per ton.

Should the ore require washing to remove clay, etc..
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it is advisable to provide a semi-portable apparatus for

this purpose and break and wash the ore at the mine.

The ore is usually somewhat soft and in breaking and

washing considerable loss occurs amounting often to

30 per cent or more. The ore cost at the mine

75 cts. plus 10 cts. washing expense, equals 85 cts. per

ton crude ore at 70 per cent recovery, equals $1.22 net

cost of one ton of clean ore at mine, or $2.22 at rail-

road; to which add $1.50 average freight to factory,

located at some convenient point, equals $3.72 f. o. b.

factory. Compare these figures with crude ore $1.75

at railroad, plus $1.50 freight to factory, plus 10 cts.

washing charge, equals $3.35 per ton of crude ore

with 30 per cent loss washing as before equals $4.79

per ton cost of clean ore at factory, equals difference

.Si.07 per ton clean ore.

Evidently it will pay to have the loss occur at the

mine rather than at the factory. In case of poorer

ores this fact will be more in evidence, and in some

cases it may pay to jig the ore at the mine after crush-

ing to ^-in. mesh so as to separate all iron and silica

])ossible. There are locations in which it pays to

l(7cate the milling plant right at the mine, particularly

where the deposit is of sufficient extent to keep the

mills in operation ten years or longer and at the same

time allow of culling out a fancy grade of ore for

milling; that is to say, an ore sufficiently good to re-

Cjuire little cjr no bleaching by acid treatment. Some

locations of this nature permit of utilization of water

I)ower. either directly or by electrical transmission

;

and this combination of cheap power and good ore, to-

gether with taking the ore losses at the mine will result

very profitably.

•Experience has demonstrated that the plant rec[uired

to handle barytes can be greatly simplified and cheap-

ened if the mineral is of high quality and that if the

barytes is not of the best and whitest grade originally

it will pay better to use it, not for milling, but only to

convert into chemical compounds.

For the latter purpose almost all deposits of barytes

can be utilized because usually the washed ore will

average 90 per cent BaSOj, and the impurities which

are princi]ially iron and silica do not interfere in the

chemical ])rocess.

PI-.\XT FOR (IklXDING .\XD FLOATINi; I'.AU VTF.S.

Formerly the grinding was performed by bulir mills

or on a slip mill—the latter plant being as described,

Vol. XI, No, 3, The Chemic.\l Engixeer, in article

written by A. A. Steel, Professor of Mining, Uni-

versity of Arkansas. Of recent years the tube mill

has come into service for this purpose, the first in-

stallation having been introduced by the writer four

years ago in a large \'irginia plant. In this instance,

12 sets of buhr mills were replaced by 3 tube mills, 16

ft. long, 4>4 ft. diameter, cylinder type, charged and
discharged continuously through the hollow trunnions.

The labor of 4 men at least was saved, including those

dressing millstones.

These tube mills were operated by one man day-

time and one man at night, with greatest ease, and

these men also attended the floaters and dewatering

tanks. The tube mills regularly produced 1,200 to

1.500 lbs. per hour each of tripple floated barytes and

required no repairs excepting renewal of feed con-

veyor about four times yearly.

The barytes was fed into tube mills at .)^ mesh size,

together with a regulated stream of water. The dis-

charge of tube mills was lifted by bucket elevator,

i2-in. by 6-in. buckets, to the floaters located above

the tube mills. The tailings from the floaters returned

into the feed of the mills by gravity. The floated ma-

terial was delivered by centrifugal pump to the de-

watering tanks. The overflow water from these tanks

returned to the mills by gravity. A portion of this

water was utilized in washing the crude ore, this be-

ing a means of preventing an accumulation of im-

purities and permitting the constant introduction of

some fresh water into the circulation.

Preparation of the barytes for delivery to tube mills

was accomplished by the usual combination of jaw

crusher rolls, sizing trommel, also jigs for separating

the l>arytes from iron and silica. The crude ore was fed

into the jaw crusher, together with a stream of water

which facilitated movement of the mineral through

the machinery and washed out the bulk of the clay.

The action of the jigs, on which a large volume of

water was used, completely cleansed the ore so that

the product fed into the tube mills was entirely free

from clay and contained not over 25 per cent of the

original impurities such as iron and silica.

The iron—largely pyrite—being of high specific

gravity is difficult to separate from barytes by means

of jigs, consequently a large loss of barytes occurs in

the effort to get rid of the iron. Considerable iron

and silica is so combined in the fragments of barytes

as to be impossible of separation by jigging. It was

found, when operating on these impure ores, to bo

economical to classify the ore at the mines, by hand

picking, into two grades, of which the better grade

was used only for milling and the poor grade reserved

for conversion to chemical compounds.

This procedure permitted us to dispense with five

jigs and thus save five-sixths of jig power and cx-

jjense. One jig was retained in service merely as a

very efficient washing machine for removal of clay

from the crushed and screened mineral. The cost

of hand selection of ore at the mines was found to be

less than cost of operating jigs and the loss of mineral

was reduced more than half.

The quantity of acid required for bleaching re-

mained practically the same, which indicated the hand-

picked ore to be equal in quality with the jigged ore.

.\fter the bartytes had been crushed, jigged and

ground with water in tube mill, floated and dewatered

as already describeil, the product was drawn from bot-

tom of the dewatering tanks at a consistencv of 80 lbs.

barytes per I cu. ft. and carried by screw conveyor to
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a set of four stock tanks each 10 ft. deei) aiul 10 ft.

diameter in which slow moving mechanical stirrers

prevented settling. .\ set of si.x bleaching tanks was

employed, these tanks being 15 ft. deep and 7 ft.

diameter, having acid jiroof lining and provided with

pipes delivering compressed air for agitation and live

steam for heating. in these tanks the mineral was

boiled with acid until bleached and then jiassed through

a series of si.x washing tanks in which the acid was

removed. The bleached and washed product was then

dewatered to a consistency of 80 lbs. to 100 lbs. per

cu. ft., and in this condition passed over mechanical

dryers, thence through a disintegrator and packed in

barrels. The type of dryer ordinarily used consists of

a hollow steel cylinder rotating slowly on hollow trun-

nions and heated internally by steam at 30 lbs. pres-

sure. The moist barytes of consistency of cream is dis-

tributed on the surface of the cxlinder, becomes dry

while passing three-fourths of a revolution, and is

scraped off by a knife. These dryers are objectionable

as to rusting causing discoloration of product, as to

irregularities of feeding and drying causing excessive

labor attending, and as to limited capacity. Evidently

an improvement may be made by introduction of a

large capacity dryer of type guarding against con-

tamination of the barite by iron rust, also introduction

of filter presses for removal of bulk of w-ater before

delivery of barite to the dryer.

An ordinary cage disintegrator is entirely satisfac-

tory for pulverizing the dried barite. This should be

located above the bins feeding the barrel packers.

PL.\NT FOR PRODUCING B.VRIUM COMPOUNDS.

As stated above, sulphate of barium ores of inferior

grade may be utilized for reduction in chemical proc-

esses, and for these purposes mines may be selected

the ores from which would be of little value for purely

milling purposes. It is advisable to break the ore to

^-in. size and pass it over one washing jig to get rid

of all clay and to perform these operations at

the mine so that the incidental losses may occur before

the cost of ore has been increased by hauling and

shipping charges. No purification from iron, etc., is

necessary. Separation from limestone or other rock

should be made in the mining operation just the same

as in case of milling ore. The washed ore may be

delivered directly to the factory and should be stored

in bulk under large sheds in sufficient quantity to allmv

time for the ore to become practically dry, or else the

ore should be run through a quick acting open flame

dryer. Unless the ore is dry it is difficult to weigh and

deliver mechanically to mills, because when damp the

fine particles of the ore pack very badly in elevators

and conveyors.

For a capacity of 30 tons daily of barytes to be re-

duced to barium sulphide the following plant is re-

quired :

One 36-in. cage disintegrator to pow'der coal.

One bin and bucket elevator for coal.

Two tube mills to grind barytes and coal together.

Two bins and one bud at elevator to feed tube mills.

Two hopper scales—one for barytes, one for coal.

One rotary cement kiln, 80 ft. by 7JX ft., with fire

box, feed and discharge conveyors.

The crushed dry barytes is dumped by tram car into

hopper scale.

The disintegrated coal is run from bin into hopper

scale.

Discharge slides of both hopper scales are opened

slightly and both the barytes and coal allowed to flow

together into the large capacity bucket elevator, de-

livering the mixture into either of the two bins located

above tube mills.

Each tube mill is fed by a 4-in. fast running screw

conveyor—300 r. p. m.—entering the hollow trunnion.

The mixture of barytes and dry powdered coal flows

from bin to hopper located over feed conveyor, and

the hopper is provided with mill shaker regulating

amount of feed. A regulated stream of water passes

into the feed conveyor together with the mixture.

The pulp discharged from mill is of consistency of

thick cream and passes directly from the two tube

mills to furnace by means of slow speed 8-in. spiral

conveyor. The pulp is fed into the cement kiln by a spe-

cially designed feeder which is water jacketed as a pro-

tection against heat. The product from the tube mills

is tested frequently and the fineness regulated so that

90 per cent will pass a lOo-mesh sieve. The cement

kiln is rotated one turn per 2 minutes. The fire box is

of special construction for the purpose of maintaining

a reducing flame and coal is used as fuel. One fire-

man attends the furnace. One engineer looks after a

lO-hp. engine operating the kiln, a 60-hp. engine

operating the mills, also attends oiling of all machin-

ery. One mill man and one helper attend the tube

mills. Four laborers handle the ore and coal. This

represents the day force. At night no work is done

except that one fireman is on duty to complete the

roasting of material in the furnace, which is generally

finished by 10 p. m., and to attend the engine and kiln

which continually rotate and to keep the kiln hot

during night. A kiln of this size should handle 50 to

60 tons of barytes per 24 hours if in constant operation,

but close supervision of a competent chemist is neces-

sary, so night work is avoided except when there is

an extraordinary demand for the product. The amount

of coal required for heating the furnace is about 30

per cent of the weight of barytes and a similar

quantity of pulverized coal is needed to be mixed in

the mineral fed into the kiln.

The product of the kiln should average not less than

60 per cent water soluble, 20 per cent acid soluble,

20 per cent insoluble, and with very close super-

vision has been obtained 70 per cent water soluble.

25 per cent acid soluble, 5 per cent insoluble. These

results vary mostly according to the reducing quality of

the flame and to some extent according to the nature

and amount of impurities in the ore. High silica and
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high iron tend to decrease the water sokible BaS and

to increase the acid sohible BaSOj, BaCOg, BaSiOs-

The red hot product from the kiln is delivered by a

special conveyor directly into an automatic dissolving

apparatus which removes quickly all the water soluble

BaS and delivers the material insoluble in water into

specially designed agitators in which the acid soluble

substance is converted into barium chloride solution.

The insoluble residue is frequently analyzed, and if

low in barium sulphate content is wasted, but if

occasionally high it is refurnaced.

The barium sulphide solution is filtered and stored

in tanks of large capacity, and is used as the base for

preparing various compounds such as blanc fixe,

barium carbonate, lithopone, barium nitrate, liariuni

hydroxide, barium peroxide, barium chloride.

The barium chloride solution is ])urified. filtered

and concentrated to produce barium chloride crystal,

and to some extent is converted into other products.

TECHNICAL GAS CALORIMETRY.*

So far as known, the rutile (titanium oxide) de-

posits at Roseland, Ya.., are the largest in the world.

The use of titanium in making steel rails increased

considerably during 1909, and an American railroad

which has given rails treated with ferrotitanium a long

trial rep)orts that they are proving entirely satisfactory.

The use of titanium in arc-light electrodes is also

growing. Of these, there are two principal types, one

of which is an electrode made of finely ground titanium

carbide, the other is composed of magnetite, chromium

oxide, and rutile.

Autogenous methods of welding metals are ex-

tensively used in Germany, practically all of the larger

manufacturers of metal wares, tubes, automobiles,

bicycles, steam boilers, etc., having their own welding

plants. Recently there has been a considerable in-

crease in the nunil)cr of small welding apparatus—that

is, those having a carbide capacity of 2 kilos (4.4 lbs.)

or less. These can be used without having the special

license from the police authorities required for ap-

paratus having a capacity of over this amount. There

are comparativelv few independent welding plants. The

greater number of factories use acetylene for welding"

instead of hydrogen gas, those plants using acetylene

having their own generating apparatus. Clerman en-

gineers claim that although the prices of acetylene and

hydrogen are practically the same, it requires from

three to five times as much hydrogen to do a given

piece of work, and, furthermore, hydrogen is not suit-

able for welding pieces of more than 8 millimeters

(0.315 in.) in thickness. The price of hydrogen is

about I mark (23.8 cents) per cu. meter (1.3 cu. yds.),

-which is appro.ximately what acetylene costs the pro-

ducer having his own generating plant. The price of

oxygen is about 2 marks (47.6 cts.) per cu. meter.

By J. H. COSTE, F. I. C.

When a fuel containing unoxidised or partially oxi-

dised carbon and hydrogen, in any form, is burnt under

suitable conditions the carbon is burnt to carbon-diox-

ide and the hydrogen to water ; it depends on the con-

ditions under which combustion takes place whether

the water vapor formed is condensed or not. If it is

condensed the latent heat of vaporization of the whole

of the water formed is included in the heating value

of the fuel. When this happens the calorific value

thus obtained is called the gross calorific value. It is

only in such appliances as geysers that the heat given

out from the water vapor in this way is utilized. In

most cases the net calorific power, i. e., the heat

evolved by combustion when all the water is kept in

the form of vapor, is all that can be utilized in heating

appliances. The difference between gross and net

calorific power is, therefore, a measure of the total

amount of hydrogen present in a fuel.

It is obviously convenient to state the calorific

power of gases in units of heat per unit volume. On
the Continent the cubic meter is usually used in con-

junction with the (great) calorie. In this country

(England) illuminating gas is bought and sold, under

various acts governing the gas industry, by the cubic

foot, and all the results of statutory testing are cor-

rected to a cubic foot at 60° F. and 30 in. barometer.

The official testings of illuminating gas in London

are returned in calories per cubic foot and the only

parliamentary standard for calorific f>ower of illum-

inating gas is expressed' in this manner. In all figures

given in this paper the calorific power is expressed

according to this official usage. The number of

calories multiplied by 3.968 gives British Thermal

Units.

tALOKIMETKV.

Any calorimetric method should give a means of

determining, with such accuracy as may be possible,

IxDth gross and net calorific power. This object may
be attained by either an indirect or a direct method.

The indirect method of determining calorific pozner.

—The researches of Julius Thomsen and of Berthelot

have placed at our disposal values for the heat of

comlnistion nf hydrocarbons and other combustible

gases and vapor which are sufficiently reliable for most

purposes. r>y means of these it is possible, if the com-

position of a gaseous mixture is known, to calculate

its total calorific power.

In the case of coal gas and similar mixtures a diffi-

culty arises in connection with the unsaturated hydro-

carbons. It is difficult and in most cases impossible to

decide their actual nature, and as the various hydro-

carbons which may enter into their construction have

very different calorific values the matter is of import-

ance as will be seen from Table I (calculated from

Julius Thomsen's figures) giving the calorific values

From the .Tournal Society of Chemical Industry.
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in great calories per cubic foot of various gases (A) Direct methods of dctcimiiung Ciilurific Poiver.—
measured at 0° C. and 760 mm., and (B) at 15.

5*^ C. X'arious forms of calorimeter have been devised for

((x3° F.) and 762 mm. (=30") the products in each determining the calorific power of gases. They all

case being cooled to 18° C. depend on a known amount of water being heated to

TABLE I. a measured extent by a known volume of gas.

Grosi".'^Net. Gross^^Net.
'^^''''^ principal types of calorimeter have been pro-

Methane 268 240.5 254.3 228.2 posed (a) in which a small and usually a fixed amount

Hthylene'
".'.'.'.'.'.'.'.'.:'.'.'.'.'.'.'.'.'.'.'.'.'. m 394

^^

ttti m^ °^ S^^ '^ allowed to burn out and to heat a small and

Propylene G22 581 590.2 551.3 fixed amount of still water
;

( b ) in which gas burnt at

^S''..:::::::::::::::::::::;:i.O?0 fet is! ml =' measured rate is allowed to heat to an observed

Hydrogen 86.4 72.8 82.0 69.1 temperature a constant stream of water, a definite
Carbon monoxide 85.9 85.9 81.5 81.5 . r i- 1 • n t 1 : . ;„ *u , ^ „ : „;amount of which is collected dunng the i>eriod ot

It will be noticed that the difference betw^een gross observation, in the former class the highest tempera-

and net calorific power for each molecule of water ture of a rise—a transient equilibrium— is noted, and

formed by the combustion of a molecule of the gas in the latter the temperature which is reached as the

is in (A) 14 calories, and in (B) 13 calories per cubic result of a continuous equilibrium. The ifow calori-

foot. In other w'ords the difference between gross and meters arc to all intents "geysers" in which special

net calorific power multiplied by 100/14 or by 100/13, care is taken to insure complete combustion of the gas

as the case may be. w-ill give the total percentage of and complete absorption of the heat evolved. In

hydrogen in the gas. either case it is obviously desirable that the propor-

The gas, the calorific power of which had been tions of gas burned and water heated should be so

found bv direct means to be gross, 150.3 calories, net. adjusted that the rise of temperature may ahvays be

133.2 calories, was found to have the composition sufficiently great to insure reasonable sensitiveness of

indicated in Table II. The unsaturated hydrocarbons reading and not high enough to render loss by radia-

were assumed to be f i) ethvlene. (2) propylene. (3) tion a serious consideration. This optimum range of

butylene. rise will vary in different instruments according to the

TABLE 11. efficiency of the measures taken to prevent radiation.

Calorific power (calculated). I-'or the determination of the calorific value of a

Composition. gross. gross. gross. ffas supply of any kind which can be burnt in prac-

Carbon dioxide.... nil .. .. .. ticallv unlimited quantities no doubt the flow tvpe of
Oxygen 0.27 . . . . . . , : • , , ., ., . ,

Unsaturated hydro- calorimeter IS the better, as the apparatus can be

carbons 5.38 21.52 31.74 41.96 adjusted to remain in a state of thermal equilibrium
Carbon monoxide 13.09 10.73 10.73 10.73 , -j ,, , ,• , , ^- 1 1

Hydrogen 42.45 34.85 .34.85 34.85 for a considerable time, during which a relatively large

Methane 27.71 70.43 70.43 70 43 volume of gas can be burnt and measured, and a
Nitrogen 11.10 .. .. .. , , , , r . 1 ^ 1 1correspondingly large volume of water heated and

100.00 137.53 cal. 147.75 cal. 157.97 cal. measured. Several readings of the temperature of the
Per cent total hvdrogen 108.63 114.01 119.39 . , , ,

'^ 1.1 ,

Deduction for latent heat... 14.10 cal. 14.82 cal. 15.51 cal ^vater at inlet and outlet can be taken and average

Net calorific power 123.43 cal. 132.95 cal. 142.46 cal. temperatures computed for both inlet and outlet with

It will be seen that the assumption that the unsatur- a high degree of accuracy. The amount of water con-

ated hydrocarbon is propylene gives results closely ap- densed in the abstraction of heat from the products of

proach'ing those found experimentally. It is in fact combustion can also be arranged to be sufficiently great

found to be a good working convention for general to secure a good determination of net calorific power,

purposes that the average calorific value of the unsat- On the other hand the classical work of both Thom-
urated hydrocarbons is equal to that of propylene. sen and Berthelot was carried out in calorimeters of

Table III serves to illustrate the agreement between the burn-out and fixed water tyjie. and for technical

results calculated in this way and those obtained ])urposes both Hempel's. and .Simmance and Abady's

directly. ])ortable calorimeters, which are of this type, give, if

carefullv adjusted and used, results of a fair degree of
TABL£ III

'

Experimental. Calculated. accuracy. Only the gross calorific power is determined
Gross. Net. Gross. Net. ;„ fUp f,vn Inttpr instruments
166.6* 149.3 167.4 150.0

'" ''^"^ *^'° '^"^"^ instruments.

150.3 133.2 148.2 132.8 Calorimeters of the still water txpe have been de-

1480 130 3 1435 lil vised by Berthelot (bomb ). Thomsen, Fischer, Hem-
143.5 127.9 143.6 128X> pel, Simmance and .Vbady, and of the flow type by

nil nil }^3.9 128.8 Hartle.v, Junkers. Boys and others.

143.3 128.3 144.7 129.2 It is. perhaps, desirable to summarize the principal
14.3.1 126.2 140.0 125.5 . '

1
h

'

^ <. c i-u
15''6 1.34" I.593 134 9 features of some of the more important ot these

143:5* 127:7 142:5 128:.5 instruments.
145.7* 129.3 143.8 128 3
144.5* 129.5 146.3 130.5 .still W.\ter CWLORIMETERS.

*Pure coal sas IJcmf'crs Calorimeter.—This instrument which has
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been fully described in the Journal of the Society of

Chemical Industry in 1901, p. 880, is adapted for the

combustion of small quantities—2 to 3 litre—of gas.

The instrument is calibrated by means of pure hydro-

gen. No correction is made for radiation, and no pre-

cautions are taken to guard against loss of heat from

this or other causes. No doubt if the calorific power

of a gas is not very different fnmi that of hydrogen

the results obtained are fairly accurate, but in the case

of coal gas the loss of heat by radiation would be

greater and with producer gases less than with hydro-

gen. In an example given the rise of temperature for

a reservoir full of hydrogen was 10.838", which seems

to be a rather large rise to measure in an unjacketed

vessel. This is essentially a laboratory, not a field

apparatus.

Simmancc and Abady's portable calorimeter.—In

this instrument the gas is collected in a holder capable

of containing considerable more gas than is required

for the actual determination. The gas is burnt from

a small open tube burner like a Bunsen w'ithout the

side holes. The calorimeter itself has an outer casing

of polished metal separated from it by an air space.

It consists of (
I

) two parallel cylindrical chimneys

of difTerent diameters communicating by means of a

drum-shaped vessel into which their upper ends open

and (2) water jackets for each of the chimneys open-

ing into a larger one surrounding the upper drum-

shaped vessel. This water vessel is covered and has a

neck through which a cork can be inserted either for

the purpose of shaking or to carry a thermometer. A
suitable stand holds the calorimeter at such a height

that the burner can be slid under the broader chimney

which serves as a combustion chamber, the narrower

one being for the escape of the exit gases after pass-

ing up the wide chimney and communicating their

heat to the water during their passage across the

drum, which has thin metal spirals depending from its

inner upper surface. These serve both as baffles and

collectors of heat. About i litre of water is placed in

the vessel, the quantity varying according to the heat

capacity of the instrument. The calorimeter is well

shaken and the temperature of the water taken. The
holder having been filled with gas is arranged to

deliver, and the gas is lit as it issues from the burner.

When the water confining the gas has risen to a cer-

tain mark, indicating that the proper quantity of gas

is now in the holder, the burner is slid imder the

chimney and this quantit}-—about 0.05 cubic foot

—

allowed to burn out. The rise in temperature is noted

after shaking, and this, with the amount of water and

the known constant of the instrument, gives the data

necessary for the calculation of the gross calorific

f)Ower. It is best to calibrate the instrument with gas

of known calorific power—preferablv approximating

to that of the kind of gas for which the instrument

is most likely to be used.

FLOW CALORIMETERS.

Flow calorimeters mav be considered as of two

classes (i) those in which the passage of both water

and gas through the apparatus is, by one or many
paths, very short and rather of the nature of a parallel

arrangement and (2) those in which the water flow is

through a long tube around which the air slowly

passes. The former class includes most of the flow

calorimeters, Junkers' being both the best and the best

known. Boys' instrument is the only representative

of the latter.

Junkers' calorimeter is one of the earliest and best

of its kind. A very good description with illustrations

is given in this Society's Journal (1895, p. 631) by

Hermann Kuhne. The calorimeter is portable, fairly

convenient and accurate, the height of the instrument

and distance apart of the thermometers are the most

inconvenient features. An arrangement exists for

determination of net calorific power by measuring the

condensed water. The calorimeter is sealed and ap-

parently w'ould hardly be worth repairing in case of

leakage. The water content of this calorimeter is

about 1700 cc.

The method of using Junkers' calorimeter is some-

what similar to that described for Boys' calorimeter.

See below.

Boys' calorimeter was designed by Mr. C. V. Boys,

in his capacity as a Metropolitan Gas Referee, for

the purpose of Dfficial testings in the County of Lon-

don. It is described in the Proceedings of the Royal

Society (A. Col. /j. 1906, p. 122), in the Notification

of the Metropolitan Gas Referees and in this Journal of

the Society of Chemical Industry (1906, p. 234; 1907,

p. 355). The water content of the coil and equalizing

box is only 300 cc. and of the space in the vessel used

as a casing and to collect condensed water is only 400

cc. up to the overflow. Another feature peculiar to

this instrument is the free passage of the products of

combustion through the apparatus. Mr. Boys is of

the opinion that "an inversion of the usual plan is

essential to secure uniformity in the outlet tempera-

ture ; that, in fact, the gases should have plenty of

space to pass gently through the instrument and that

the water should be taken through every channel

strictly in series, all alternative parallel flow being

prejudicial."

The instrument is convenient to manipulate, and it

is not unduly subject to damage. The fact that it can

be kept when not in use in an alkaline solution is a

great advantage from the point of view of permanency.

It has stood the practical test of daily usage for

nearlv three years in each of the 19 gas testing places

under the control of the London County Council. The
most serious defect noticed has been leakage from the

coils or unions. This can be tested for by placing the

calorimeter in situ, allowing it to drain well, and

then allowing water to flow at the usual rate for the

same time as that during which the condensed water

is collected. An appreciable collection of water indi-

cates a leakage. It appears improbable that any other

calorimeter at present in use would stand constant

usage as well as this does when fairlv treated. Cer-
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tainly lui other calorimeter is so easily taken to pieces

for repair or for examination.

The official method of usiny the Boys' calorimeter

is described in the Notification of the Gas Referees.

It is briefiy as follows: When a thermal balance has

been established the temperatures of inlet and outlet

water arc taken at intervals during the combustion of

1/3 cu. ft. of gas and the water flowing through the

instrument during this period is measured. The dif-

ference between the average inlet and outlet tempera-

tures X 3 and by the liters of water collected gives the

gross calorific power. The condensed water is col-

lected with the gas burning at the same rate as during

the above experiment for not less than half an hour

and from its volume and the gross calorific jxiwer the

net calorific power is calculated. A correction is made

for the gain or loss to the system due to the flow of

gases through the apparatus, and based on the diiifer-

ence of temperature between inlet and exit air, the

composition of the exit air and the specific heat of

its constituents. The afcove method of working is

aj)plicable to the Junkers or other similar apparatus.

It is better to allow ^ to ^ hour to elapse after start-

ina: before collecting- condensed water as the surface

of the coils is large and water only runs down quite

slowly. It is necessary to place the calorimeter cen-

trally in the outer vessel as otherwise the flow of con-

densed water is verv irregular. It would be an im-

provement to have three centering studs fixed inside

the outer vessel or on the calorimeter casing.

Source of error afFcctiiig the results obtained from

flow calorimeters.—The following sources of error for

the effects of which due allowance may be made are

likely to affect the results of calorimeters of the Junk-

ers' or Boys' type

:

( 1 ) Heat lost or gained in the exit gases according

as they are hotter or cooler than the inlet air. (2)

Heat lost or gained by condensation or evaporation of

water during the passage of air through the calorim-

eter. (3) Losses by radiation from the body of the

calorimeter. (4) Errors due to the assumption that i

litre of water weighs one kilogram. The values of

these errors and the proper assignment of corrections

to gross or net calorific power have been worked out

in the case of the Boys' instrument.

(i) The volume of exit gas compared with that

of gas burnt has been determined by analysis of both

gases. See Table IV.

The heat capacity of the products from i cu. ft. of

gas, on the assumption that 7 ft. are obtained is about

0.06 cal. Experiments under varying conditions have

led Boys to adopt the empirical correction of 1/6 cal.

For a difference of 1° between inlet and outlet air.

indicating that other influences are included in this

correction which under any conditions is small.

(2) If the temperature of the exit gases is above

the dew point of the atmosphere of the laboratory, the

exit gases which are fidly saturated, will rob the sys-

tem of an amount of heat equal to the latent heat of

vaporization of the additional water contained in them

and further the amount of condensed water will be

reduced to a corresponding extent. ( )n the other hand

if the exit gases are cooler than the temperature at

which dew is deposited in the laboratory the calori-

meter will gain an amount of heat and of water

corresponding to the reduced water-holding capacity

of the air.

The extreme magnitude of this error can be illus-

trated by an example. Suppose the temperature of the

laboratory to be 21° C. and the air fully saturated with

aqueous vapor the temperature of the water supply

being low, the exit gases having a temperature of only

10° C. If during the burning of i cu. ft. 7 ft. of

these gases pass through the instrument corresponding

to 7J4 ft. of air entering the t(.)tal amount of water

vapor entering will be 4.3 grms. (0.5 grms. in gas

3.8 grms. in air).

The total amount of water leaving will be 1.8 grms.

and the excess water condensed (4.3—1.8) = 2.5

grms. The heat of vaporization of I grm. of water

at 100° C. is 0.536 great calorie, and at 0° is variously

given as from 0.589 to 0.606 so that in any case not

more than 2.5x0.6=1.5 calorie per foot of gas burnt

could be the amount of error due to this cause. The

case of a low dew point and high outlet temperature

may also be considered. It is seldom that the humidity

of the atmosphere is less than 1,3 of the maximum
and the temperature of exit gases is seldom above 25°.

.Assuming both of these conditions and an air tem-

perature of 21° the water vapor entering during the

burning of i cu. ft. would be 0.51 x 7.5 x 0.5 1 -f- 3 ^
1.78 grms. and that leaving the apparatus 4.55 grms.,

so that in this case the total loss would be 2.77 grms.

per cubic foot ^ 1.66 calorie per cubic foot of gas

Inirnt. That is, under quite extreme conditions the

gross calorific power as determined without correc-

tion may be -(-1.6 calories from the truth owing to

differences of humidity of the atmosphere. As the

water condensed or evaporated gives up or takes away

a corresponding amount of heat the net calorific power

is unaffected.

The following table calculated from Regnault's val-

ues for water in i kilo of saturated air was used in

the above calculations

:

WEIGHT OF \V.\TER I ,\ I. C.
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lined with cork dust separates the outer coil from the

inner hotter coil and the mixing chamber.

TABLE IV.

I. II.

Rate of burning, feet per hour 4.6 4.6

Carbon dioxide formed on explosion of gas, per
cent 56.0 57.1

Composition of exit gas

:

Carbon dioxide 8.76 8.52

Oxygen 6.17 4.47

Ratio—gas :air .~".
1 :6.9 1 :7.2

Gas :exit gases 1 -.6.4 1 :6.7

(4) The temperature of exit water varies between.

say 24° and 40° C. Table V shows the percentage

error caused by the supposition that one litre of water

measured at various temperatures has a weight equal

to 1000 grms.

T.\BLE V.

Percentage amount
Temperature. of error (+ ).

20' 0.177
25° 0.293
30° 0.4.33

35° 0.594
40° 0.776

That is, for gas of 150 calories gross calorific power

the results, both gross and net would be too high by

from 0.26 to 1. 16 calories according to the temperature

of exit water.

Junkers' and Boys' calorimeter may be considered

as the two most in use for practical purposes and it

may be well to discuss at some length their respective

advantages and disadvantages and the necessity for

applying certain corrections to the results obtained

with them.

Although both instruments are fairly portable the

Junkers' certainly has the advantage in this respect

:

Its simplicity and the fixed arrangement for obtaining

a proper head of water render it particularly suitable

for fitting up in any locality. The flow of water can

easily be regulated by means of the quadrant tap and

for gases of very varying calorific power the use of a

Bunsen flame enables perfect combustion to be attained

at any reasonable rate of consumption.

The rise of temperature attained by the exit water

can be kept constant by altering the amount of water

passing through the instrument. The Boys' instru-

ment is easier to read owing to both thermometers

being on the same level. It is more sensitive to rough

handling.

The temperature of the exit water is more constant

m the Boys' than the Junkers' instrument as e.xamples

in Table VI will show.

There appears to be no reason to suppose that the

average of several readings does not in either case

accurately represent the average temperature of outlet

water.

The agreement of the results obtained by the simul-

taneous working of two Boys' calorimeters with the

same gas is shown in Table VII.

A similar series has been carried out with the Boys'

and Junkers' instruments, and the results are shown
in Table VIII.
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and tube (5) had gained 0.008 grm. (= 0.0009 grm.

hydrogen) ; any unbnrnt carbon should have been

oxidized by the copper o.xide and weighed as carbon

dioxide in (6). The gas was burning in the calori-

meter at 5.3 ft. per hour—above the maximum rate

allowed in official testings. The error due to imperfect

combustion is therefore negligible.

Both instruments may be expected to give the best

results when working under the conditions which

should prevail in a physical laboratory and both give

very good results under conditions much less satisfac-

tory.

THE CALORIFIC POWER OF GAS CONSIDERED IN RELATIOX

TO METHODS OF MANUFACTURE AND TO

ILLUMINATING POWER.

The calorific power of gas depends on its composi-

tion. The relation between calorific power and com-

position is, however, much more direct than in the case

of illuminating power. It is, as has been shown, easy

to calculate with considerable accuracy the calorific

power from the results of analysis of a gas. In the

case of illuminating power it is at present impossible.

A consideration of the calorific power of the three

principal constituents of coal gas : Carbon monoxide,

81.5 gross: 81.5 net; hydrogen, 82.0 gross; 69.1 net;

methane, 254.3 gross ; 228.2 net, indicates very clearly

that a gas which has been made under conditions fav-

oring the formation or survival of a large proportion

of methane should have a higher calorific power than

one where the temperature of carbonization tends to

the production of a large amount of hydroger and

the use of an exhaust leads to the formation of large

quantities of carbon monoxide. "Blue" water gas

lowers the calorific power of coal gas with which it is

mixed for similar reasons. The effect of the addition

of carburetted water gas varies according to its com-

position. Its general effect is to lower the calorific

power or at any rate not to increase it even in cases

where its use has the effect of increasing the illumi-

nating power. In the case of a pure coal gas more

than half of the net calorific power appears to be due

to methane whereas in mixed gases the methane sel-

dom accounts for more than 46 per cent, the usually

somewhat increased amount of unsaturated hydrocar-

bons more or less making up the deficit due to the

lower proportion of methane.

It was formerly believed that some direct relation-

ship between calorific and illuminating power existed,

but an examination of thousands of tests shows that,

although the general tendency is for gas of a high

illuminating power to have a relatively high calorific

power, such numerous exceptions and anomalies are

observed, even with pure coal gas that no formula use-

fully connecting these two properties can be found.

Table X shows what a wide divergence occurs be-

tween observed calorific power and the figure obtained

by multiplying individually results of illuminating

power by the average number of calories per candle.

The results at five places supplied with pure coal gas
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were examined : the figures represent averages of

daily testings for two succeeding months

:

TABLE X.

Greatest differ-

ence between
observed calor-

Average. ific power and
(A.) (B.) (C.) product of ob-

Illumi- Gross Calories served illumi-

nating calorific per candle nating power
power power. B and the figure— in column (C).

A Calories. Percent.

I 16.88 151.0 8.95 8.9 5.9

16.97 151,3 8.67 14.4 9.5

II 17.11 1.50.6 8.87 10.1 7.2

17.0.3 150.2 8.85 9.7 6.4

III 16.77 146.4 8.83 4.5 3.1

17 07 146.7 8.60 9.8 6.7

IV 15.75 151.6 9.62 5.2 3.5

16.01 152.7 9.57 6.7 4.4

V 16.36 148.3 9.04 8.4 5.8

17.17 1.50.4 8.76 5.2 3.4

Although the averge ratio from month to month

agrees fairly well, showing that considerable regularity

of manufacture is attained, it is clearly impossible to

assign to gas of a kmown candle power a definite calor-

ific power on mere a priori grounds. Standards can

only be fixed as the results and no means have been

devised for determining the calorific power of a gas

except by analysis or calorimetry. It can be safely

stated that for the same candle power, "pure" coal

gas will in most cases have a higher calorific power

than a mixed gas. This is, perhaps, more apparent in

the case of low grade gas. The average calorific

power of coal gas of from 14 to 15 candles illuminat-

ing power is about 130 calories net whilst mixed gas

of the same illuminating power has an average calorific

power (net) of about 125 calories, 16 candle coal gas

on the other hand has an average calorific power of not

more than two or three calories above 16 candles mixed

gas.

The difference between gross and net calorific power

is greater as the calorific power increases. An exam-

ination of three sets of results, two (A) and (C)

mixed gas of 16 and 14 candles nominal illuminating

power respectively and (B) pure coal gas, show that

the difference is proportionately greater in the case of

coal gas than for mixed gases. These figures agree

with the results for total hydrogen in the gas. deduced

from analysis. As to the actual differences between

gross and net calorific power it appears unlikely that

this should ever exceed 20 calories in the richest coal

gas or fall below 12 calories in the poorest mixed gas

now supplied.

TAPLE Xr.—niFFERENCE BETWEEN GROSS AND NET C.\L0RIFIC

POWER EXPRESSED AS PERCENTAGE OF GROSS.

Periods of 4 weeks
(daily testings). A. B. C.

T 10.64 11.25 10.92

II 10.80 11.46 10.87

Averages 10.72 11..35 10.90

In the following table (XII) the composition,

calorific power and illuminating power of (A) coal

gas made in a small works using clay retorts but no

exhaust, (B) coal gas supplied by one of the Metro-
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politan companies, (C) mixed gas supplied in the He thought he was justified in that conckision be-

Metropolis, and (D) gas from Glover-West vertical cause his own outlet themiometer was free from these

retorts analyzed by Dr. H. G. Colman, are shown. jumps, appearing quite constant sometimes for min-

The calculated calorific power for (D) was 142.6 gross utes together almost as if it were stuck: and he had

and 126.9 "^f^- It will be noticed that although the 21 not seen that in any other calorimeter. There seemed

candle gas (A) shows a marked superiority in heating to be an idea that the real scientific test of the

value the nominal 14 to 16 candle gases do not, with \alue of gas was the net test : but he was by no

one exception, which in composition closely approaches means sure that this was a very scientific test, for

the 21 candle gas, differ greatly in calorific power this reason : In taking a net test, the heat due to the

among themselves. condensation of most of the steam and the cooling of

In eonclusion, it is most desirable that gas author!- tlie resulting condensed water to the outlet tempera-

ties should follow the example which has recently ture, was subtracted from the total observed heat, but

been set in the Metropolis hy instituting regular test- t'l's did not represent any actual use of the heating

ings for calorific power in order that a standard which power, as the heat given out by the permanent gases

will meet local conditions may be fairly settled when a i" cooling from the boiling point to the outlet tempera-

suitable occasion arises, '^"'"^ ^^"''^ included in the net value. The figure so

I wish to thank Mr. P.. R. Tames for valuable assist-
obtained was absolutely artificial

;
it meant nothing. As

ancc in connection with this paper, *e Gas Referees had prescribed a net test his posi-

tion might seem inconsistent, but calorimetry was prac-
DiscussiON. ticed largely, and the gross and net values were in

Prof. C. V. Boys said that when calorimetry as a universal use long before there was any question of

practical question in relation to official testing first making official testings of the calorific value of gas,

arose, he made a great many tests with the Junkers and it was obviously desirable in instituting an official

and other calorimeters. He considered that the spas- test not to depart from recognized practice. There

T.\BLE xn.
A. B. C. D.

Carbon dioxide 0.38 nil nil 1.48 1.7."i 2.11 2.8.". l.l.". 1.74 2.13 5.00 1.-51 3.83 1.00

O.xvgen nil nil nil 0.20 o..-,2 l.Or. 0.20 0.73 0.37 0.28 nil 0.53 0.29 0.05
Unsaturated hydrocarbons.. (i.l7 5.57 (i.Oli 3.30 4.73 2.08 3.00 4.0] 4.50 5.30 5.50 5.07 5.45 2.85
Carbon niono.xide 4.86 6.03 0.24 6.17 7.18 10.00 7.43 14.4i> 13.22 16.15 16.00 13.31 15.02 8 70
Hydrogen 41.72 39.83 40.00 49.21 40.50 48.41 46.66 46.73 50.76 39.24 30.30 43.62 42.111 54.70
Methane 40.67 41.78 40.48 31.22 39.50 .3ii.8n 31.54 24.57 26.08 24.70 24.00 26.17 23.45 29.06
Nitrogen 6.20 6.79 4.28 6.27 5.82 4.65 7.66 7.15 3.24 12.n2 10.20 6.70 9.86 3.20

09.55

Gross calorific power 175.8 170.6 176.0 144.5 166.6 H5.7 143.4 144.8 145.1 145.2 111.4 143.5 143.3 144.3

Net calorific power 160.5 161.1 157.5 129.5 149.3 129.3 128.0 120.2 120.1 128.5 124.5 127.0 126.3 120.6

Illnminating power by Met-
ropolitan Arganil No. 2 at

5 feet per hour 21.3!i 21.77 21. M 18.60 18.21 14.48 14.65 16.ii5 16..58 16.21 15.80 17.29 16.81 15.56

modic variation of the thermometer at the outlet w^as was no reason for selecting one particular net value,

objectionable; there were constant little jumps which even if it did correctly represent the use of gas; every

would make it tiresome for gas examiners to use it. user of gas should be equally entitled to a special net

In making tests day by day it was desirable that as value to meet his requirements,

much as possible should be done by the apparatus, and He thought it right to describe the calorific value

that as little as possible should be left for the daily bv the use of calories rather than b}- B. T, U. It was

attention and judgment of the user of the instrument, more easv to obtain appliances, which should be cheap

It seemed essential that the outlet thermometer read- and accurate, based u[xin the metric rather than ujxjn

ings should be as smooth and even as that of the inlet our system, and having so made the measurement it

water ; so that one would merely have to make read- was most natural and direct so to state it. With re-

ings at definite times, and would not have to judge gard to the centering of the instrument inside the case,

what the fair mean reading would be. The imperfect there would be no difficultv in providing that the inner

mixing of parallel flows of water through alternative casing should not bear up against the condensed water

channels would almost certainlv give rise to jumps outlet.

which no mixing-chamber, such as was at the top of Mr. T- W. Helps agreed with the author as to the

the Junkers' instrument, could possibly overcome. impossibility of being able to deduce the calorific power

There was an instability of conditions which a small from its illuminating power of a gas, and vice versa,

mixing-chamber could not possibly overcome. He felt He carried out some experiments on that point 10

that the difficulty could be overcome only bv arranging years ago ; and the figures now shown agreed closely

that the water should take every part of the instrument with those he had obtained. He did not see the neces-

in series ; and that there should be no place where a sity for the two tests ; the calorific test would be

pocket of water could accumulate until it got hot sufficient ; the other was reallv of no practical use,

enough to force its own way on and overwhelm the Whatever burner was used for testing illuminating

other stream. power, the extent to which a reduction could be made
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was limited by the heating- power of the gas; and as

it was possible to vary the conditions under which the

gas was produced, so as to increase its calorific power

while actually reducing its illuminating power, the in-

fliction of a test for the latter stood in the way of the

customer being supplied with the most suitable gas for

his various purposes.

That was an important question which would have

to be considered and, in his opinion, it would not

be long before they had the calorific standard.

Mr. W. J. Dibdin said that there could be no ques-

tion but that Professor Boys had devised a thoroughly

trustworthy calorimeter, by means of which the calor-

ific value of coal gas could be readily ascertained. The

only way of getting a result with the old form of

calorimeter was to take a number of observations, ex-

punge any out-of-the-way ones, and take the average

of th-e rest, which was not a very scientific method.

This instrument certainly made a great advance. He
looked on the ordinary gas photometer as now used

as a thing of comparatively little value. He hoped,

with Mt. Helps, that the time was not far distant when

the calorific test would be the one reliable test of coal

gas, so far as it was in use for lighting. It was un-

necessary to enter into anv discussion of the merits of

water-gas ; but it was a question to what temperature

an incandescent mantle must be raised to produce

sufficient light, and what quantity of gas was required

to raise a definite quantity of water to a certain tem-

perature for cooking.

Dr. H. G. Colmans said that the figures given by

Mr. Coste agreed closely with those he had obtained

during the past 10 years, but he differed from him

with regard to the table showing the relation between

the results obtained by direct test with the calorimeter,

and those calculated from the analysis of the gas. The

calorimeter tests were always made with a wet meter,

and the results calculated for moist gas 60° F. and

30 inches Bar., under which circumstances they con-

tained about 1.5 per cent of moisture; the calculated

results were made on the assumption of a dry gas, and

if the moisture had been allowed for the calculated re-

sults would have come out about 1.5 per cent lower

than the observed figures. For ordinary purposes it

was sufficient to assume that the unsaturated hydro-

carbons consisted of propylene, but in the newer meth-

ods of manufacture, especially in vertical retorts, the

unsaturated hydrocarbons contained a smaller propor-

tion of benzene and higher proportion of ethylene. He
trusted that that day would soon come when a cal-

orific standard would be substituted for one of illumi-

nating power, and hoped that Mr. Coste's paper would

help that day forw-ard. He fully agreed with Mr.

Helps, however, that the imposition of a double stand-

ard was much to be deprecated, and believed that in

actual working it would soon be found impracticable.

He had made thousands of tests with the Junkers cal-

orimeter and had found it an excellent instrument.

There were slight jumps sometimes in the reading of

the outlet thermometer, l]ut these jumps were only

fractions of a degree, and in the ordinary run of a test

there was practical agreement l>€tween the two instru-

ments.

The chief objection to the Junkers calorimeter was

the different level of the two thermometers, which ne-

cessitated the jumping up and down of the operator

during the test.

Mr. G. C. Jones wished to defend one class of man-

ufacturers against the charge of not being able or

willing to state the thermal efficiency of the goods they

sold. Reputable gas-engine makers would always guar-

antee the efficiency of their engines. It was true they

preferred to speak of so many feet of gas per H. P.

hour, and natural that they showed an increasing pref-

erence for Manchester gas as the standard, but, if

pressed, they would usually guarantee one H. P. hour

for so many calories supplied to their engine in the

form of gas. It would nearly always be found, how-

ever, that they refused to be debited with more than

the so-called "net" calories. The general adoption of

this term could be traced to certain discussions con-

cerning the efficiencies of gas producers and gas en-

gines which took place ten or fifteen years ago, when

its use led to much confusion and some protests. Its

adoption improved the paper efficiency of a gas engine,

but that was hardly a reason for retaining in their vo-

cabulary a word which had been characterized by Prof.

Boys as unscientific. If the discussion led to the dis-

use of that ambiguous term, Mr. Coste's paper would

be remembered with gratitude by many of them.

Mr. C. J. D. Gair said he had found the .Simmance-

Abady calorimeter gave excellent results. With the

Junkers calorimeter there was a tendency for the out-

let temperature to jump in working; but, with the

Simmance-.Abady this did not occur, neither was there

the difficulty in the flow of the condensed water which

in the Junkers was somewhat irregvilar, and, unless

several cu. ft. of gas were burned and the products

collected, a proper reading was not insured. The snap

test could not be taken accurately with a Junkers cal-

orimeter, but this was possible with the Simmance-

.A.bady. It seemed an excellent suggestion to take

propylene as the most correct hydrocarbon from which

to calculate, but undoubtedly the calorific test itself was

greatly to be preferred in obtaining the heating value

of the gas.

Mr. Coste, in reply, said he was very pleased to hear

Prof, Bovs appreciated the point about the center-

ing of the instrument. It was not made as a merely

academical suggestion ; but some little time ago they

found that the differences between the "gross" and the

"net" calorific power in certain results were such as

they knew to be quite impossible, and a careful exam-

ination of the instrument showed that by placing the

calorimeter eccentricallv in the outer casing, similar

erroneous results were obtained, while, by carefully

centering it, the results at once became normal.
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THE DOHERTY GAS CALORIMETER.

The accurate determination of the heating value of

artificial gas is one of the important problems in the

gas business of today. A number of devices for test-

ing this heating value of gas have been placed on the

market, the latest of these being the invention of ^Ir.

Henry L. Doherty.

A British thermal unit (B. T. U.), it will be re-

membered, is the amount of heat required to raise the

temperature of i lb. of water, i° F., under standard

conditions of pressure and temperature. The heating

value of a gas, therefore, is known if the rise in tem-

perature it produces in a unit weight or unit volume of

water is known. This is the principle of all gas

calorimeters.

The fundamental principle of the Doherty calorim-

eter is the direct displacement of the gas under test

by the water which that gas heats, thus maintaining

absolutely constant the ratio of volumes. The pressure

on the gas is imparted to it by the displacing water

;

and this water secures its constant pressure from a con-

stant static "head" in the regulator of the calorimeter.

Every cubic inch of water passing the flame is heated

by the burning of a cubic inch of gas displaced by it.

This being the case, determination of the heating value

in B. T. U.'s becomes simply a question of measuring

temperatures, with suitable corrections for existing

conditions bearing upon the problem.

The Doherty gas calorimeter has two essential parts

—the absorption chamber and the tank. Both of these

are cylinders of annular section, the former being

placed within the latter. A heavy insulating layer of

non-conducting felt guards against interchange of

heat through the walls. The Bunsen flame burns

within the absorption chamber. The entire arrange-

ment is thus compact and self-contained, and of ex-

treme simplicity.

The regulator is simply a standpipe, in which a con-

stant head or pressure is maintained by means of a

supply of flowing water, part of which escapes to the

drain, the remainder keeping the standpipe full as

displacement takes place in the tank.

The tank has a gage glass for indicating the water

level inside, and a U-gage showing the pressure on the

gas (and water) in inches of water. The gage glass is

divided into nine equal divisions, the volume between

the extremes being exactly one-third of a cubic foot.

In operation a pressure of about 2.6 ins. is maintained

on the U-gage by suitable valves.

The water passes from the standpipe, through the

absorption chamber, and into the tank. An arrange-

ment of adjustable baffles within the absorption cham-

ber makes it possible to adjust conditions so that the

products of combustion escape to atmosphere at at-

mospheric or room temperatures. Five thermometers

are used, accurately graduated, the two principal ones

(those measuring the temperature of inlet and outlet

water) are tested, calibrated and corrected by the

U. S. Bureau of Standards, a correction sheet being

furnished for each. The five thermometers register

the following temperatures : Water entering absorp-

tion chamber ; w^ater leaving absorption chamber
;
gas

in tank
;
products of combustion ; atmospheric or room

temperature.

In making a test the tank is filled with the gas

to be tested and the supply shut oft'. Water is admit-

The Doherty Gas Calorimeter.

ted from the standpipe, imparting regulator pressure

to the gas. Pressure is adjusted to the desired two and

six-tenths inches on the LT-gage by the adjusting

valve. Temperatures on all thermometers are noted.

The Bunsen is lighted, when displacement at once

begins. The exposed area of the baffles in the absorp-

tion chamber is adjusted imtil the waste gases emerge

into atmospheric at room temperature. Meantime the

water level in the gage glass will have risen to near

the first graduation. Sufficient space is allowed below

the graduations to permit these preliminary adjust-
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niciits before test readings are taken. With water

level at the first mark on the gage glass, all tempera-

tures are noted ; and this is repeated as each mark is

reached, giving ten readings at equal intervals. The

pressure in the U-gage of course remains constant

throughout. The average of the ten readings is taken

as the basis of computation on that particular test.

The method of arriving at a result is as follows, the

known quantities being as indicated by the symbols

here given

:

V = volume of gas corrected to 60° F. and 30 ins.

mercury,

h ^ barometric pressure in inches of mercury,

h' = U-gage pressure in inches of mercury,

a= vapor tension pressure in inches of mercury.

t = temperature of gas in tank,

d= difference in temperature of water before and

after heating.

17.64 [(h + h')— a]

V:
460 + t

62.5 X d

B. T. U.'s of gas =
\'

The calorimeter itself affords all quantities except

"h" and "a." The value of "h"' at time of test can be

secured from a barometer at hand, or from some local

barometric station of known reliability. The value

of "a" is to be determined from tables furnished with

the calorimeter showing the vapor tension at tem-

perature of gas in tank. The value "h'" is 1-13 or

.0769 times the U-gage reading in inches of water.

]\Iaking a test with the Doherty calorimeter, there-

fore, consists simph' in reading the temperatures of

inlet and outlet water, multiplying the difference be-

tween their two temperatures by 62.5, and multiplying

this result, in turn by the value of i/V, which is se-

cured from tables furnished with the instrument tak-

ing account of the other known conditions of the test.

This process gives the gross heating effect, or calorific

value, of the gas under test. It does not, however,

take account of the latent heat represented by the

water of condensation produced in burnin.g the gas.

To provide for this, and to determine the net heating

eft'ect of the gas, the following method is used:

A drip is provided around the lower end of the ab-

sorption chamber, which collects the w-ater of con-

densation, discharging into a glass graduate, marked

both in C. C. and in B. T. U. A test is started, and

when the water level is at the lowest of the ten marks

on the gage glass, the amount of condensation is noted

in the graduate. The distance between upper and

lower marks on the gage glass represents exactly

3<3 cu. ft. When water level has reached the top mark
on the gage glass, the increased amount of water in

the graduate, rea<I in 1!. T. U., s1k>ws the amount of

heat represented bj' this water of condensation. Mul-

tiplied by three (for one-third of a cubic foot of gas

was burned), this gives the B. T. U. value of the water

of condensation per cubic foot of gas tested. Sub-

tracted from the gross result secured by temperature

readings, the remainder is the net heating effect, or

net calorific value, per cubic foot of the gas under

test.

The Doherty gas calorimeter is manufacturetl by

The Improved Equiiiment (,"0., 60 Wall St., New York,

to whom we are indebted for the information from

which this article was prepared.

Advance chapters of United States Geological Sur-

vey publications state that although the figures from

all the countries producing large quantities of tungsten

are not yet available, enough are at hand to show that

the world's production for 1909 was larger than in

1908, and was jjossibly equal to that of 1907. The esti-

mated output for 1909 was 5,289 short tons of con-

centrates containing 60 per cent of tungsten trioxide,

compared with 3,898 tons in 1908 and 6,062 tons in

1907. In very few of the returns, however, is the per-

centage indicated, and this is necessary in comparing

figures. It is probable that most of the exported ore

is richer than 60 per cent in tungsten trio.xide, and that

the figures are therefore low. The principal sources of

the 1909 production were: United States, 1,619 tons;

Argentina, 900 tons; Australia, 1,200 tons; Bolivia,

168 tons; Germany, 106 tons; Portugal, 609 tons; and

the United Kingdom, 421 tons. The value of the

tungsten ore produced in the United States during

1909 was $614,370, compared with $229,955 i" 1908

and $890,048 in 1907. With the recovery of the

American steel trade during 1909 prices rose above

those of 1908 and ranged from $5 to $9 per unit for

tungsten ores, the average price being $6 to $6.50 per

imit.

It is announced that the Bundesrat has considerably

increased the quantity of potash which can be pro-

duced by German potash works during the period from

May I to December 31, 191 1. The amounts in metric

tons of 2,204.6 lbs. pure potash (K„(J) which can be

sold without being subjected to the special tax are now
fixed according to a consular report as follows, with

comparison of amounts as determined in June. 1910:
For home For

consumption. exportation.
Old New Old New

allow- allow- allow- allow-
Classification. ance. ance. ance. anee.

Ton.s. Tons. Tons, Tons.
Carnallite with 9 to 1*2 per t-ent
K,0 3,0.30 3,530 110 IfiO

Crude salts with 12 to 15 per cent
K.O 12G.,ji'0 130, .570 79,600 n:>.70ii

Salts for fertilizer with 20 to 22
per cent K"0 ."iSO 7S0 11,060 17.S60

Salts for fertilizer with 30 to 32
per cent K.O 320 1.270 !1,020 9,020

Salts for fertilizers with 40 to 42
per cent K-O, including potash

,

fertilizer with 3S per cent K»0. 37. .'540 41.740 14.7.".0 17.0.70

Chlorate of potash 3.''>.2.io 40.7.')0 .7.-), 760 104,360
Sulpiiate of potash with over 42
per cent K.O 1.020 1,020 23.200 2.S.900

Potassium magnesium sulphate.. loii 100 4.640 4,640

Total 204,380 219, 7S0 19S.1I0 2S2,590
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THE POWER PLANT OF THE BERGEN-
PORT CHEMICAL WORKS.

By WARREN H. MILLER.*

The use of alternating current for light and power

in the chemical works is apt to be regarded with many
misgivings by the works engineer or sujierintendent,

because of the alleged complicity in the power station

and complexity of wiring computations. As a matter

of fact both are very simple, and the beauty of it is that

the plant will run and stay running with practically very

little supervision and repairs. The acid chamber plant

of the Bergenport Chemical \^"orks, a subsidiary com-

pany of the Standard Oil Co., turning out about 300

tons of sulphuric acid daily on the chamber process.

is an illustration of how very self-running and fool-

proof such a plant can be. At night it is general head-

quarters for the works foreman whose duties take him

all over the plant : by day the works electrician has his

tool closet there, but is often out around the plant.

Yet, day after day, year after year, the plant runs

along with no commutator troubles to worry about

(for there isn't any connnutator, nor brushes), with

splash-oiled engines, and with no attention beyond an

occasional glance at the instruments by the boiler-

room foreman, who comes in at intervals to attend

to the boiler feed-pump.

In laying out this plant we had five still houses,

200-hp. of air compressors, and 200-hp. proc-

ess pumps to take care of, besides the elec-

tric light and power, amounting to about 75 kw.

Estimating the five still houses roughlj- at 250 hp.. this

gave a total horsejjower of 750 or four 250 hp. boilers,

allowing one spare boiler. The type of boiler house,

while by no means of architectural beauty, is of inter-

e.st in showing what can be done with hollow tile en-

closing steel-work, in getting up a light, fire-proof,

acid-proof structure which can be erected on isolated

piers in a soil not suitable for wall foundations. The

roof is red "celadon" tile, its trusses and purlins being

virtually all the steel that is exposed to the acid fumes.

The site of the power establishment was a sandy sub-

stratum, covered 4 to 6 ft. deep with cinder and

occasional layers of acid-soaked refuse of ash and

nitre-cake. For both boiler house and power house

concrete piers were put down, joined by reinforced

concrete sills, 12 ins. wide by 18 ins. deep, nmning
from pier to pier. They were cheaply made by leav-

ing bearing notches in each pier and simply exravat-

•Bay Head, N. .T.

ing a trench from pier to pier with a good shear at the

pier junctions. These were filled with concrete and

the reinforcing bars. Our experience vn other jobs

was that acid ash readily attacked rock concrete but

did little harm to cinder concrete, so the mixture used

was I : 2 V2 : 4 cinder concrete.

The ne.xt step was to set up and plumb all steel work,

which was then braced and riveted, except the purlins,

which were bolted to allow taking ofi' for periodic tar

paintings. .\s the steel is all enclosed in tile later,

there is no place for diagonals to hold the steel work-

plumb and true, so we found that false wooden diag-

onals of 6-in. by 4-in. hemlock would answer very

well and could be taken out as the tile work pro-

gressed.

The standard tile is an 8-in. by 6-in. by i6-in. red

semi-vitrified terra cotta webbed tile laying in the

wall 8 ins. by 16 ins. The\- have 8j4-iii- by 6,'4-in. by

16 '4 -in. actual measurement, and take about a 'y^-in.

mortar joint. They weigh 32 lbs. each, cost 10 cts.,

and in the wall fi\-e of them lay up 42! .- ins. high by

8234 ins. long. They form a light panel or curtain

wall, grooving into tile pilasters which enclose the steel.

The steel columns are plain lo-in. I-beams, and are

completelv enclosed by two shapes of pilaster blocks,

which break joints in successive courses, provide a

i6-in. pilaster, and also a 7-in. groove on each side to

receive the ends of the curtain wall panels. They cost

iij's cts. and 14^ cts. each. For corner pilasters in-

tended for tile gable ends with no steel work there are

four forms, so as to break joints and provide 7-in.

wall grooves on right angle faces, and there is also

a set of T pilaster blocks for two meeting walls.

W'e found that one or two of the regular works

burner masons, a few handy men and the works labor-

ing gang made a force that would lay tile better and

with far less grumbling than hired brick masons.

The latter were full of inrooted prejudices against

such makeshift stuff as hollow tile, and growled con-

tinually at the weight, the shape, the mortar and the

job in general.

For lintels, sills and copings reinforced 1:3:4

gravel concrete, smooth cast with a raised keystone,

contrasts effectively with the red tile, though flat

arches can be cobbled out by cutting up standard tile.

For cornices and gable copings the ordinary standard

pane! tile can be laid flat on the 8-in. side, thus giving a

2-in. projection. Always run the roof over the gable,

as it is very difficult and expensive to flash it properly

if butted up against an end wall.

The red celadon tile for the roof cost 11 cts. each.
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lav uj) 135 lo llic Miuaic. aiiil \veii;li (j IIjs. cacli. ISe-

sides tlic >tanilanl |ilain lonf tile there arc liall tile,

one in each cmirse, right and left gahle tile, half ditto,

plain ritlgc and end ridge tile, and glass skylight tile,

costing 50 ets. each, and interlocking with the standard.

The purlins are 2^2 ins. by 2ji> ins. by '/4 in. angles

spaced i,V'J< '"s. and span for heavy winter snows

I J It. between trusses, though we have a few shaky

ones about tl^.e plant spanning as niuch as 16 ft. The

last ])nrlin at the eaves must have a 3-in. leg up-

standing to allow for the fact that no interlocking edge

of the ne.xt course below is under it, so that it will

droop sorrowfully unless a special angle is provided.

For windows one must have inside and outside 4-in.

tiles to cover up unevenness of the tile up and down

the window opening, or else cut all the tile. The win-

dows are first set up and tile laid towards them from

the pilaster grooves. It then makes little difi'erence

whether a course over-runs or under-runs the opening

by an inch or so, as it is all covered by the wide stile.

The boilers were four 250-lip. Babcock & Wilcox

water-tube, though the writer would have preferred

fire-tube for the low [jressure carried of iio lbs., be-

cause the water contained four grains of solids in the

gallon. This fact even with water softening necessi-

tatefi cleaning once every three munths, which opera

tion is considerably more expensive with water-tube

than with fire-tube boilers.

The coal used is buckwheat anthracite at $1.10 a ton

delivered, running about 20 per cent ash and burnt

on 5.5 per cent pinhole grates with a i^-in. blast from

a 48-in. Sturtevant fan. The duct for the blast for the

l,OCX) hp. of boilers is 3-ft. by 44-in. walls of rein-

forced concrete running through the boiler foundations

with outlets into the 20-in. side walls of the boilers,

where cast-iron blast gates admit the air intij the

ash-pits.

In the power house are located the blast fans, feed

pumps, feed water heater, main works fire pump, tw(.)

electric generating units with foundation for a third.

and foundation for a 70-hp. air compressor.

The blast fans are two three-quarter housing .Sturte-

vant bottom-delivery steel-plate fans, driven bv two

6-in. by 6-in. vertical, .splash-oiled engines runnmg at

325 r. p. m. They were provided with an automatic

regulator, which kept the steam pressure within 3 lbs.,

plus or minus. It must, however, be properly set so

as to keep the fan .going- nearly all the time. Other-

wise it will shut it down for, say, 15 minutes and then

run at full speed for about 5, repeating every 20 min-

utes, with the result that the re.gulator soon gets out

of order and knocks develop in the engines, because

the water of condensation in the steam pipe accumu-

lates during the 15 minutes shutdown and makes
trouble for both valve and engine when it finalh- starts

up again.

The feed pumps are two 12-in. by 8-in. bv 12-in.

single Blake steam pumps mounted on concrete piers

with an 800-hp. Berryman feed water heater on a

pier at the ends ol the twu piim])s. This dispusition

not only gave a compact arrangement (if pi|)nig for

hot and cokl feed with the necessary b)-passes but it

also permitted building a concrete drip-sump very

cheaply of the space between the iiump foundations

and the heater pier, wdiich already formed three sides

to the sump. A closing wall at the end and two 4-in.

partition w^alls cast across the sump dividetl it into

three parts with pipe siphons iit each wall, having a

fall of I in. level of the three divisions. This made a

very effective oil scrubber of the sump for everything

but the engine drips, wdiich went right down the sewer,

having too little water and too much oil. But the

drains of the two boiler feed ]jumps, always constant-

ly cracked open, the tw-o main engine separator drains,

the condensation from the feed water heater and the

drip from the main exhaust-head were all led into the

first sump compartment and arrived at the third with-

out a particle of oil, being (|uite clean anyhow, and

this hot drij) water, amoiniting to about 5.300 gals,

daily, was returned to the boiler by a by-pass from the

main feed pump suction.

The reason for choosing the feed water heater of

800-hp. size when there was only 250 hp. of steam

available in the power house is that a feed water heat-

er, heating up 800 hp. of feed water to 190'^, will only

use about 250 hp. of exhaust steam which it con-

denses and the rest all goes up the exhaust pipe. We
therefore b(.iuglit the 800-hp. size of heater to take

care of all the feed for our three 250-hp. boilers, and

gave it all the 250 hp. of the power house, all of

which was condensed and returned to the sump as

drip, there being only a slight wreath of steam coming-

out at the exhaust head.

As m all works, some sort i.if stoiage of feed water

had to be provided—at least enough to run the plant

four hours in case of sudden shutdown of the city

mains from a burst pipe or other repairs. The most

available spot was the space behind the economizer

lean-to back of the chimney. Since a round iron tank

would require expensive concrete foundations and

could not be depended upon to last more than 15 years

in an acid plant we decided to build an i8,ooo-gal.

concrete feed w-ater tank, 8 ft. wide. 12 ft. deep and

18 ft. lon.g, sunk 6 ft. into the earth to sand subsoil.

The tank was designed with expanded metal rein-

forced concrete panels and pilasters above grade, plain

walls below.

To provide coal for the boiler plant the most eco-

nomical scheme in the long run is a concrete trestle,

up which the dump cars of Inickwheat anthracite fron-i

the mine could be run. .\s the natural slope of the

coal is 30 degrees, the center line of this trestle comes

out II ft. from the wall of the boiler house for 13 ft.

from grade to top of trestle rails, allowing the coal

to slope well into the 12-ft. firing alley in front of the

boilers. This trestle has a 5 per cent gradient with

easements at top and bottom, and cost $g a foot con-i-

plete with concrete piers and four 8-in. by 24-in.
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wooden stringers. It was surrounded with a wooden

storage bin holding i.ooo tons of coal having a floor

of 4-in. concrete with a blind drain underneath, a

strainer of four loose brick in the center of each bent

serving to drain out the rain water in the coal. We
found that the 6-in. hollow tile wall of the boiler

house would not stand the strain of coal banked up

against it and had to be reinforced with 8-in. I-beams

bolted from column to column, two to each bent above

the coal doors, which themselves had 8-in. channel

lintels.

To get a "ring" or closed steam circle out of a bat-

tery of four boilers in a row, we had recourse to the

4-in. auxiliary main passing across the rear of the

main nozzles and connecting all of them to the main

piping. This would furnish 200 hp. at a pinch and

keep the power house going if a shutdown should

become necessary in the main line. This 4-in. auxil-

iary should remain normally empty, or else it will fill

with condensed steam and there will be a frightful

water-hammer as soon as you want to use it in

emergency. The main steam bends were set horizon-

tally, as there was no room for vertical bends, and

on each connection was an 8-in. Crane automatic stop-

check valve and a Pratt & Cady 8-in. gate valve. For

the rest of the steam valves it is advisable in general

to use globe valves for points normally closed and at

angles, and gate valves for places normally open.. To
avoid multiplicity of division valves we put in i)^-in.

cast-iron machined rings in between flanges in place

of them, and kept in the power house some machined

blanks which could be slipped in instead of the rings,

thus blanking off a section in case of serious trouble.

This arrangement let us out with only one main di-

vision valve.

The blow-off line is another matter of interest. We
used the Hancock angle blow-off valves because they

had a pilot on the disc which entered the seat first.

thus straining out and pushing back all grit and scale

before the disc came down on the seat. It was pro-

tected with an iron asbestos-packed straight cock.

The blow-oflf line itself must always be of wrought

iron screwed steam fittings, as the pressure generated

bv the blow-oiif water at 350°, flashing at once into

fteam as soon as it passes the cock, is very great, and

will easily burst cast-iron soil-pipe or tile. Unless

there is a convenient waste space or ditch to blow into

it must sooner or later go into the main works tile

drain. Even 200 and 300 ft. away from the blow-off

valve it will still be over 300° and will crack any tile

drain it is run into, so a sump must be provided.

This sump is 13 ft. long and cost $120; is continuously

half full of water, over which the blow shoots out,

escaping through an 8-in. vent in the manhole riser.

The blow water and condensed steam mixes with the

water in the sump cooling dovt'n to about 140°. It

overflows from there into the works main drain but

the steam is prevented from taking the same outlet by

a concrete trap wall. The pressure in the sump is

about 5 lbs. per sq. in. and must be provided for by

reinforcing.

The electric generating units in the power house

comprise two ii-in. by 12-in. Harrisburg side-crank

engines of about 80 hp. on no lbs. of steam, direct

connected to 50-kw. Westinghouse three-phase, 60-

cycle, 220-volt alternators. Both alternators in paral-

lel furnish night-load light and power, and either one

alternately runs the day power load. As the engines

possess an excellent system of splash-oiling and the

alternators have neither commutators nor brushes, this

link in the power chain is safe and sure.

The next link, the e.xciters, are direct-current and

hence not so reliable. In fact they gave the only

trouble in the electric end of the plant. They were

ordered totally enclosed to protect the brushes and

commutators from acid fumes, but ran so hot in actual

service that the covers had to be taken off. They were

3-kw. Westinghouse slow-speed Type S dynamos,

no-volt compound wound, either one large enough to

excite both alterators. As it is absolutely necessar)- to

have two exciters so as never to be completely shut

down, the simplest and most economical drive is to

couple them to the stub ends of the engine shafts.

This is chea]3ly accomplished by casting a small con-

crete pier integral with the engine and alternator

foundations, and coupling by a plain flange coupler.

For this reason the engine shaft must be ordered

turned down small at the end and provided with a key-

way. The e.xciter and main shaft are lined u]i, the

flange coupling bolted and the cast-iron base plate of

the exciter is grouted up true.

The ne.xt consideration is the switchboard. Three

panels are sufficient, one for each generator and one

combined light and power feeder panel. .\s neither cur-

rents nor voltage are large, no extreme accuracy is

required in the instruments ; ordinary Weston round

type or Westinghouse Type K. .A.. C. instruments, cost-

ing about $19 apiece are good enough. The panels are

in three sections of standard 32-in. width, 20-in. top

section, 50-in. middle section and 20-in. bottom sec-

tion, of 2-in. green \'ermont slate finished in jet black

enamel. It makes a very handsome board and one quite

immune from acid, as there are no iron veins, such

as are found in Pennsylvania slates. Of course all the

varieties of marbles are doubtful because of the re-

sulting sulphates of lime in the presence of acid

fumes.

On each generator panel are : Top section, three

Westinghouse Type K 200 amp. ammeters, one in

each phase; middle section, one D. C. exciter 150-volt

voltmeter, D. C. 50 amp. ammeter, exciter field switch,

equalizer switch, synchronizer and voltmeter plugs,

three-pole 200 amp. main generator knife switch, and

exciter and alternator field rheostats mounted on the

back of the board with concentric handles on the

front : on a swinging bracket, two 300-volt A. C. volt-

meters and a synchroscope. This last is entirely un-

necessary in a plant as small as this, as synchronizing
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is always done with the lamp, which is far more ac- the speeds are near toyellier or far apart. Adjust the

curate than the synchroscope. speed of the incoming machine with the throttle until

The panel for light and power combined has on top the lamp goes from bright to dark about once in four

section three 100 amp. A. C. ammeters, one in each seconds. Throw the switch at lamp dark just after the

light circuit: middle section, three no amp. two-pole last red disappears, spin open the throttle and adjust

I. T. E. circuit-breakers for light circuit, one three- the rheostats until both engines carry the same load,

pole 2CX) amp. circuit-breakers and one three-pole If they cannot be made to do this with the rheostats,

knife switch, 200 amp., for power circuit. On swing- one engine needs its governor springs adjusted as it is

ing bracket one Westinghouse three-phase indicating getting too much steam at the same speed. Adjust

wattmeter and one 300 volt A. C. ground detector until equalized. To take an engine off, throttle it

voltmeter. down until nearly all its load is transferred to the other

If you really want to know xour plant thoroughly it
^^ng'^e and throw open its main switch.

is a good plan to connect up the board and generators '''^^ '^est efficiency all the ammeters should show

yourself. The three generator leads are all tagged the same in all phases, but as the lights are on three

A B C at the factorv and must lead to corresponding separate phases and cannot in practice be exactly bal-

•bus bars. Test ou't each separately by trying the ^^"'^ed this cannot usually be done. Indeed it makes

alternators one at 3 time on some motor out in the "^ dift'erence if a whole light phase is out. as the un-

works. If the leads have been mixed anywhere the balancing simply calls for a little more field excita-

motor will reverse. Mark the exciter positives and tion, of no real importance.

lead them to the same side of the alterator field -^^ twelve o'clock and at midnight every twenty-

switches, chalking an arrow here and there on the fo"!" ^^ouv<, about a chemical works the ground de-

wire for the direction of the current. Be sure both Sector should be switched on all three phases and the

synchronizer lamp transformers are across the same ground noted in a log book. Usually it will run about

pair of leads of the two machines, say across A and B ~^ ^'o'ts in a 240-volt circuit. If it gets as high as

of both. To be in phase the main switches must be 5© volts in any phase it had better be traced up and

thrown when both machines are at the same position of attended to. It is usually acid salts or acid drippings

the same sine wave in the same direction. To know ^r something or other, or else a lamp-socket ring not

this point to throw in, a small i lo-volt transformer ^"fficiently tarred. Acid condenses on lamp bulbs and

is connected permanently to each machine lead on the sockets, and usually establishes a light ground through

same phase of both and the secondaries of these trans- the tar, which must be watched.

formers connected together with a 200-volt lamp in Finally, be sure that the electric company furnishes

circuit. Now if both machines are making a plus sine instruction books for setting up and connecting up all

wave at the same time the transformer secondaries will instruments, or else they will not be at hand when

add together to give 200 volts, thus lighting the lamp wanted, causing much vexation and delay.

to full brilliancy, and, on the contrary, if one is mak- The general figures of cost of the complete power

ing a plus wave and the other a minus the secondaries equipment for the Bergenport Chemical Works follow

:

will neutralize and the lamp will go out. The second-
^^^^ ^^ complete power equipment, bercentort chemical

ary leads are always crossed so that the lamp will go works.

out in full phase and light up wdien full out of phase. Coal trestle

:

because, owing to the heat in the tilameiit the lamp
Concvet"'^.

"
'.

'.'.'. '."^
2,360.83

stays dark a much shorter time than it stavs bright, Mixer 70,77

thus indicating the point to throw in with better ac- ^°f„^;^;3 :::::::::::;:::::::;::::::;:::::;::; '^m
curacy. As, you perceive, that crossing the leads will Track work 800.00

make the lamp indicate exactly opposite, and as it is „ $
5 56'' 49

easy to confuse them in connecting up behind the Boiler house

:

board, it is best to fuse the main generator leads with General $ 27.75

temporarv lOO-amp. fuses before throwing them in for Foundations
f!??-ra' - ' ^ Iron work l.Oil.oo

the first time. If everything is all right the fuses re- Roof tile 424,31

main quiet and you can take them off and hook in p[°°^
'^^'°'''^'

^dl'li

permanently. If you've got it crossed anywhere the Brick work.. ..
.'.'.'.'.'.'..'.

1,548.10

fuses will blow like pistol shots and all you have to do ^
,, , r 1 • J Total $ 4,267.i!i

is to reverse the transformer secondaries and every- ,

Boilers: •

thing will be all right. Foundations, concrete $ 703.25

Once in right, the regular process of throwing Brick work .Hnlm'^ ' ^"^ •,,,,, Boilers 10.506.91
them in is as follows : One engine will be already on steam lines (all over plant) 5,170.14

the load. Start the other, plugging in its voltmeter Flues 937,98

,, , , , , , . 1
• Drains .144.4!'

and bring up to the same voltage as the loaded engine. p^^^ water tank 322,24

Plug in the synchronizer and the lamp will at once go Miscellaneous 'I'i-B-i

up and down, doing this slower or faster according as -potal ' $20,822.11
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Economizer

:

Apparatus $ 2j834.33

Foundation 31 1.76

Roof, miscellaneous 68:;;.69

Total $3,838.78

Chimney $2,651.61

Feed water heater apparatus (including foundation) .$ 474.2i

Forced draft

:

Fans and engmes $ 836.48

Foundations, etc 241.58

Total $ 1.0'8.06

Pumps

:

Foundations $ lo4.81

Pumps -i^^'-^''

Piping 162.15

Total $ '67.92

Electric plant

:

Foundations $ o8o.'.j3

Engines 2,456.7 (

Dynamos 2,381.49

Switchboard h\'°-^\
Building 2,239.92

Motors »65.^^

Electric light fittnigs biii).6b

Motor wiring installed
''iP^'or

Light wiring installed 732.85

Motor installation 6.52.91

Pulleys, belting and shafting 491.80

Miscellaneous 690.21

Total $13,2.56.53

Grand total $.52,819..56

USE OF HIGH PRESSURE GAS FOR INDUS-
TRIAL PURPOSES.*

According to a United States consular report, an

American, resident in Mexico for some years, who

during that time has been experimenting in rubber-

producing plants, has discovered in the Mazanillo dis-

trict a tree, a vine, and three plants which yield first-

class crude rubber. These plants are not yet botanic-

ally classified and are known here only by their Indian

names. Analyses have been made of all these plants

in the United States, and the result of each test is said

to have been the production of a first-class crude rub-

ber. The tree is of quick growth and can be propa-

gated from slips put in the ground. Limbs that were

thrown in the shade and left for six months germinated

and on being planted took root and are now growing

well. Trees planted from slips will be large enough

to prune in three years ; limbs cut from the trees fur-

nish the rubber ;
priming can be done every year. This

tree produces about 6 per cent crude rubber. The

three plants referred to grow wild and can be repro-

duced from the seed. In three years they become well

rooted. The plant, being then from 4 to 6 ft. in height,

may be cut to the root each year, using the cuttings for

the extraction of the rubber, leaving the root to recover

itself and produce the same each year. The mode of

cultivating these plants is about the same as for corn ;

they are said to produce 8 i>er cent crude rubber. The

vine gives a free crude rubber with no gum. It grows

in the shade, extending over the surrounding trees,

and is the richest in rubber, giving 10 per cent of the

crude commercial product. Experiments in the culti-

vation of this vine are now being carried on.

The Journal of Gas Lighting, referring to this sub-

ject in a recent issue, notes that Herr F. Messinger,

Official Gas Inspector for Charlottenburg, Germany,

in describing a number of installations, mentions spe-

cific examples thereof. The author does not deal with

high pressure gas for lighting purposes, nor with the

supply through high pressure street mains. He refers

to independent compressing plant for the supply of

factories and even small workshops. The gas drawn

from the ordinary low pressure supply mains is com-

pressed by means of a rotary blower, which in the

Fig. 1—Sketch of Compressor and Connections.

case of small wtirkshops may, for economy of ground

space, be mounted on a wall bracket. The blower may
be driven from any power shaft in the factory, or by

a gas engine or electro motor. The power required

is about I -horse power per 1,000 cu. ft. of gas com-

pressed per hour. The arrangement of the blower

and connections is shown in Fig. i, in which 5 is

a safety relief valve on the low pressure gas supply;

U' is a high pressure valve on the low pressure gas

supply; V-, a high pressure valve on the by-pass con-

nection between high and low pressure services ; f ',

a high pressure valve on the high pressure supply

;

A'' and A'-, outlets for condensed liquid ; M. a high

pressure gas gauge ; H , a cock on the connection to the

gauge ; /, an inspection lid to the chambers of the com-

pressor. It will be seen that surplus compressed gas

is returned through a by-pass to the low pressure side

of the compressor. .A.ny desired pressure may be se-

cured by weighting the valve. Automatic lubrica-

tion is provided. A special high pressure valve is used

at the outlet of the compressor, but the remaining taps

are of the ordinary full-way type, though of sound and

heavy construction. They must be capable of with-

standing a pressure of 4 ins. of mercury without

any leakage. A reciprocating piston pump may be

used for compressing the gas ; but this occupies more

space, is more complicated, and gives a less regular

pressure than a rotary blower.

The ordinarv gas service pipes will serve for high

•From tlie American Gas Light .Journal.
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pressure gas pruviJcd they withstand the te>t of 4

ins. of mercury pressure. The author points out that

it is a mistake to control the flow of high pressure

gas to tlie burner by a gas tap in the ordinary way,

because there is a certain intervening space between

the tap and nozzle or nipple through which the gas

issues. If the flow of gas is checked at the tap, the

pressure between the tap and nipple is reduced, and

the high pressure gas then becomes in effect low-

pressure gas. Care must be taken that the higii

pressure is maintained right up to the nipple. Dr.

Fink of Berlin has devised a regulating nipple ( whicii

is shown in Fig. 2). the object of which is to control

the rate of flow of the gas without any diminishmg

of the pressure. In these figures, D is the lever or

index hand of the tap C traversing the scale E and

altering the position of a conical needle by the eccen-

tric movement of the tap on the cone .4. Once the

right position of the regulating nipple for the flame

required has been ascertained, the same flame may be

again and again produced by merely bringing the in-

dex hand of the tap to the same position on the scale.

The needle moving to and fro in the nipple serves

also to keep the latter free from obstruction. The

orifice in the nipple is of' as small diameter as will

serve for the largest flame which will be required for

the work to which the particular burner is put. The

burners used must be constructed to exact dimensions.

It is important, for most purposes, that the mi.xture nf

gas and air should be warmed before combustion in

a properly constructed massive cast iron rose head,

as shown in the burners in Figs. 3 and 4. The rose

head becomes red hot, and the gaseous mixture, pass-

ing through the fine holes, becomes superheated, and

thus the maximum heating effect is secured. Burners

of this type are applicable to the heating of type

foundries and typesetting machines, brass foundries,

gold and coppersmiths' furnaces, and braziers' and

other metal workers' apparatus. One type foundry

at Berlin uses 120 of these burners, and another 200,

while a third type foundry at Leipzig also has an in-

stallation of 120 burners. In these type foundries an

economy of 30 per cent in the gas consumed was at-

tained when the change was made from low to high

pressure gas. Type mietal melts at a temperature of

797° F. : but for the other metal processes referred

to, temperatures of 2200° F. and over are needed. For

many of these purposes it is impossible to prescribe a

universal type of high pressure gas burner, since the

particular form must depend upon the special re-

quirements of each factory.

Special forms of burners are used for heating solder-

ing bits and for brazing. A blow pipe flame is secured

without a high pressure air supply, as the necessary

air is drawn in automatically at the base of the burn-

er. These blow pipes, or blast burners, are much
more convenient than the old type with compressed air

and low pressure gas. .\t the Opel Motor Car Works
in Berlin a copper tube 0.32x0.06 in. was fused in

barelv i minute, and at the same works heav\' solder-

ing bits weighing nearly ^^A lbs. have been replaced

by the comparatively light high pressure blast burner.

Generally speaking, for workshop use, high pressure

gas is superseding coal fires or Ioav pressure gas used

in conjunction with an air blast, as the cost of the air

blast pipes is avoided, and the requisite flame tem-

perature can be attained much more certainly and be

more easily controlled. High pressure gas is also gen-

erally applicable to smiths' work, and is cleaner, more

Front View. glde View. Vertical Section.

Fig. 2—Precision Regulating Nipple.

convenient and more rapid than the ordinary smiths'

hearth, while the temperature attained can be more

precisely regulated. High pressure gas also is large-

ly used for muffle furnaces, where it takes the place

of low pressure gas used in conjunction with com-

])ressed air.

These furnaces are applicable to all descriptions of

hardening, annealing, and case hardening of metals

and to enameling, and in the manufacture of metallic

filaments for electric lamps. For furnaces for the-

Fig. 3— High Pressure
Burner.

Fig. 4—Burner for

Small Pots.

finer classes of w-ork of this description, the burners

used must be of the blowpipe pattern, but provided

with the regulating nipple already described, in order

to insure precision in regulating the flow of gas. and,

ns a result thereof, the temperature attained. The

high pressure gas burner of suitable pattern may be

introduced for the heating of existing muffle furnaces

which have hitherto been heated with gas at ordinary

pressure with an air blast. Special furnaces are used

for hardening steel tires, as it is necessary in this in-

stance to secure uniform heating of the steel, and at

the same time to prevent the spent gases coming in-

contact with the metal. Other special furnaces are

used for raising sheets and plates of metal to a red heat
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for working prior to hardening, as in this case it is

not necessary to avoid contact of the gases with the

metal, and consequently a more economical type of

furnace than the muffle, and one more adaptable to

objects of different shape and size, may be employed.

Crucible furnaces for high pressure gas are also ap-

plicable to the melting of metals of all kinds, and

especially gold, silver, copper and brass. Similar fur-

naces may be employed for melting large quantities of

more readily fusible metal (such as lead), in which

case graphite crucibles prove the most durable, or for

the hardening of fine steel objects, for which appa-

ratus the bath consists of a crucible of steel or wrought

iron. Oil baths, working at a temperature upwards

of 570° F. for tempering and annealing articles of

steel, may advantageously be heated by high pressure

gas as a very uniform temperature may be maintained

thereby, if the burners are distributed equally on both

sides of the bath. Special high pressure gas fur-

naces are also employed for the brazing of steel and

other tubes. In railway carriage and locomotive shops

the experiments made hitherto in Germany with the

use of high pressure gas for shrinking on and remov-

ing wheel tires have not proved very satisfactory, but

it is hoped that a new type of burner will give good

results. Boiling burners and smoothing irons may be

heated with advantage by high pressure gas in work-

shops in which it is available, and, provided a proper

regulating nipple is used, considerable economy of

gas consumption is secured.

The high pressure gas burners for heating appa-

ratus referred to by the author are intended to work

with gas at the same pressure—namely, about 4 ins.

of mercury, or 55 ins. of water—-as high pressure

burners for lighting purposes. This has the advantage

that the high pressure burners for industrial heating

may be supplied from the same service pipes as the

lighting burners, and only one small compressor is

needed for the compression of the gas for both pur-

poses. Since high pressure gas for lighting effects

an economy of 50 per cent over gas at ordinary

pressures, it is desirable to secure this economy by

employing high pressure gas lighting wherever a high

pressure gas supply is adopted for industrial heating.

THE SARCO MULTIPLE CO, RECORDER.

Xearlv all the painting in the foreign settlements and

all in the Chinese cities is done by native workmen

with Chinese paint. The use of Chinese material and

labor is because of cheapness, although a piece of

work never has a finished appearance. Most of the

work is done by the painter taking a bunch of cotton

waste, which he saturates by dipping in the paint pot.

and then rubbing it over the surface to be painted.

Even if foreign brushes are furnished, the Chinese

painter will not use them. He says he saves paint by

his method, and gets it more evenly distributed over

the surface. On exterior surfaces the Chinese paint

is not durable, but the cost is so small that the job can

be done two or three times for what one painting would

cost in America.

A new type of multiple unit carbon dioxide re-

corder, embodying several distinctive features, has re-

cently been placed on the market by the Sarco Fuel

Saving & Engineering Co., 90 West St., New York

City. This recorder is designed to make continuous

determinations of the CO, content in furnace gases

and in its several sizes will make separate and simul-

taneous records from one up to ten boilers. The

motive power for operating the instrument consists of,

first : A direct connected motor-driven suction fan to

draw to the machine a continuous stream of gases

through the various pipe lines. Second : A motor-

driven rotary pump to handle the paraffin oil in the

successive operations which constitute a cycle for the

measuring off of a sample of gas, the absorption of its

CO; content, the recording of the same and the ex-

pulsion of the sample.

A clock mechanism substantial enough to drive

by means of a shaft several drums on which are

mounted the individual charts for each furnace is

used. A sufficient quantity of paraffin oil. which be-

ing led to each unit from a central supply tank, per-

forms, by virtue of its head, the successive opera-

tions of trapping off the gas, forcing it through the

absorbent or K O H (caustic potash) solution, and

finally, by being siphoned from each unit by a central

siphon, enables the gas to be expelled and the incom-

ing fresh gas to be passed through. The paraffin oil

is all siphoned into a common tank, filtered and

pumped up into the supply tank, being thus used over

and over again.

The COo recorder is composed of several distinct

and separate units, though all depend upon the same

central source of power for their operation. Each

unit has its own measuring burette for trapping off a

known volume of gas ; connecting capillary tube to

lead the sample to the absorption vessel, and connect-

ing tubes from the same to a recording burette which

carries a frictionless float. The latter carries with it

in its travel the recording pen, which is suspended

from a balanced and frictionless wheel. Separate exit

tube to discharge gas after a record is made of the

CO, content are provided, as is a 24-hour chart

revolving on its own drum. These are all close con-

nected and compact, so that the over-all dimensions

of a four record machine are: width 42 ins., height 39

ins. and length 13 ins.

Each unit is capable of making from 30 to 40 rec-

ords per hour, though for ordinary power plant work

12 to 15 is sufficient. Having separate inlets, there

is, of course, no possibility of the gases from the sev-

eral furnaces becoming mixed.

The special features of the new Sarco Multiple CO,

recorder are: Separate units, elimination of adjust-

ments except the initial one of setting the pen at zero

by means of a turnbuckle, taking simultaneous rec-

ords, cutting down of time lag, mixing of caustic so-
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lutioii in recorder itself, elimination of temperature

errors, automatic handling of liquids, paraffin oil and

caustic potash, self-inking; i)cn, and complete absorp-

tion of gas.

The accompanying diagram and description will

make plain the working of the recorder. Furnace gas

is led to the CO, recorder through individual pipe

lines, each of which is connected to a seal (
i

) . Each

gas hne has a }^-m. sampling tube perforated with

holes extending into the last pass of the boiler, and

just outside the flue, or boiler setting, a filter is placed

oil (fj) located at the toj) of the iiiachinc. The oil is

led to the units by the line (7) and by virtue of its

head draws samples of gas through the tees located

between the seals and internal gas line. The gas

passes through inlet lines (8) to the measuring or in-

let burette (9). .\s the paraffin oil which is being con-

stantly fed to the units gradually fills the pipe lines

(10) it rises in each measuring burette to the inlet

connection ( 1 1 ) and prevents further gas being

trapped. The oil continuing to rise forces the gas

through the ca])illary copper tubes (12) into the bot-

Diagram Showing Arrangement of Sarco Multiple Unit CO_ Recorder.

to remove the soot from the gas. From the filters,

;H-in. pipe is used to conduct the gas to each unit of

the recorder, the small diameter being used to reduce

time lag, and because no clogging will occur, as filter-

ing and draining of moisture is done at the boilers.

Suction is produced by means of the suction fan

(2), motor driven, located at the bottom of the ma-

chine. .A. steady stream of gas is drawn through the

seals (i) and internal gas line (3) which is connect-

ed to the seals. The object of the latter is to pro-

duce an equal degree of suction for each unit which

can be observed, as the seals are made of heavy glass

tubing and the gas is bubbled through 'the paraffin

oil in the seals, the inlet pipes (4) being perforated.

Before passing to each unit, the gas is again filtered

at the internal filters (5), which are cast iron cylinders

containing a brush through which the gas must pass.

The motive power for drawing the gas through

each unit is provided by an overhead tank of paraffin

torn of the absorption vessels (15), where it is de-

prived of its COo content by being bubbled through

the caustic potash solution contained therein. The
remainder of the gas is forced up through the cap-

illary tube (13) into the recording burettes ( 14). The
latter are also supplied with paraffin oil from the

main supply, and within each is suspended a metal

float (not shown on drawing) which is frictionless.

The gas, under pressure, forces the paraffin oil out

of the burettes and the floats are carried down with

the liquid. Each float is suspended from the fric-

tionless wheels (16) by means of strong threads, which

also carry the pen (17) for making the record of the

COo content in each sample on the charts (18). While

this is being accomplished, the parafifin oil is continu-

allv rising in the risers (19) and central siphon (20).

The height of the latter is such that as soon as a

record is made the siphon starts to flow and passes

all the oil into the discharge tank (21), where it is
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simply pumped up into the supply tank by means of

the pump (22). The supply tank contains a filter to

constantly cleanse the paraffin oil, and also has an

overflow communicating to the discharge tank.

Caustic potash is placed in the tank (24), water

added and the whole thoroughly mixed after dissolv-

ing. The solution is then fed to each absorption ves-

sel through the line (25), the plug cocks (26) shut

ofT, and if desired the remaining solution can be run

off through valve (2j) and the system washed with

water to prevent crystallization of the solution which

will, of course, stick to the inside of the tank and

jiipe line. When the solution in each vessel is satu-

rated with the CO. gas and will absorb no more, the

plug cocks (26) are opened and the solution run ofl:'

as before.

When the siphon starts to flow, the paraffin oil in

the system having the pressure reduced, recedes from

the measuring burettes. The gas which has forced the

float downward is then passed back into the absorp-

tion vessel at the top through tube (13) and leaves

vessel by exit tube (28), whence it reaches atmos-

phere by riser tubes (19).

The recording charts (18) are mounted on drums

(29) which are driven by worm gears on clock shaft

(30). The latter is driven by a powerful clock (31).

To remove chart drums, it is only necessary to lift

them from their base plates. The latter receive their

motion from spur gears located on their shank, driven

by the worms on clock shaft.

As soon as the siphon has stopped flowing, one

cycle is completed, the time being about three min-

utes, if 20 records per hour are to be taken. The gas

is again drawn through the inlets to each unit and an-

other operation commences. The pen is automatically

inked by returning to ink-well (32) after each rec-

ord.

As to renewals of solutions—the paraffin oil is

never changed : the ink-well has a capacity for a

week's run; the caustic solution, if made to about 1.25

specific gravity, will last ten days on 24-hour shifts.

The only adjustment necessary is setting the pen to

zero when running on air. Everything else, except the

winding of the clock, chart and caustic renewals, is au-

tomatic.

THE CAMPHOR INDUSTRY.*

The state of Victoria, Australia, has been operating

a coal mine of its own for a year, the output for 1910

amounting to 162,216 tons, of which 125,793 to"s were

sold to its own railways. The cost of mining was $1.95

per ton.

A company has been formed in Sydney for the pur-

pose of establishing frozen-meat works in New South

Wales and Queensland and to arrange distributing fa-

cilities for meat in England. The company is capitalized

at $12,150,000.

Camphor, produced from the camphor tree (Cin-

namomum Camphora), has a large use not only as

a drug but more especially in the celluloid industry,

where it is used in the transformation of cellulose

nitrate to celluloid. It is used extensively in the

manufacture of smokeless powder, in the making of

sub>titute leathers, and generalh- in the plastic pyroxy-

lin industry.

Imports of crude camphor into the L'nited States for

fiscal year ending June 30, 1910, were 3,026,648

lbs., valued at $921,926; refined and synthetic cam-

phors added to this 477,269 lbs., valued at $179,965.

The sources of camphor are practically all foreign.

Experimental plantations in the United States will

not be readv for production within three or four years,

and while the indications are all toward the success

of this venture, the commercial production of cam-

phor on a large scale in this country is not to be ex-

pected in the immediate future.

At present, barring the production of .synthetic

camphor, our sources of supply are the East Indian

Islands, Borneo, Sumatra, and particularly Japan and

I'ormosa. In Japan and Formosa the camphor trade

is a government monopoly. All camphor and cam-

phor oil produced must be sold to the monopoly bu-

reau. The amount of camphor to be placed on the

market, the price to the producer, and to the vendee,

are fixed bv the government.

The privilege of engaging in the industry is granted

by the government to individuals and companies on

application. The applicant is required to furnish some

evidence of his financial standing. A certain territory

is allotted to each operator and he must confine his

operations to that tract.

The trees are found onlv in mountainous districts.

In Formosa they are in the interior, where the col-

lection of camphor is rendered hazardous by the pres-

ence of the head-hunting tribes which infest the re-

gion. Conditions have improved in this respect since

the Ja]ianese occupation of the island, owing largely to

the conciliatorv policy adopted by the Japanese offi-

cials, yet in 1009 there were 96 workmen killed by

the savages. Owing to the danger of attacks by the

tribes wages are high, being 90 cts. gold for a native

and $2.00 for a Japanese.

The condition and extent of the forests have been

variouslv estimated. It is sometimes stated that the

camphor forests are inexhaustible. Again, it is esti-

mated that the Formosan forests will be exhausted

in 20 years. As a matter of fact the truth is between

these limits
;
perhaps 45 years of production at the

present rate will use up all the trees now workable.

However, tlie government and private individuals

have been planting young trees. About 15,000.000

trees have been set out since 1901, and with a con-

tinuance of the policy of yearly planting it is prob-

•Pi-epared by P. A. Bond from U. S. Consular Report.
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able that there will always be a .Mifficienl Mippl\ of

prodiieiiig trees.

All camphor trees do not produce camphor. In

Borneo, for instance, it is said that only one tree out

of lOO bears camphor crystals. The lumber from the

trees is valuable, however, anil is much used for build-

ing, as it is less subject to the ravages of the white

ant than most woods. If the camphor odor is quite

strong tlie boards may be used for insect-prcKif Ixjxes.

In selecting the trees which are to be treated to ex-

tract the camphor there is nothing in the outside ap-

pearance to guide the searcher. Chips are taken from

the trees, and if the camphor odor is absent the tree

is not cut. The trees sometimes are 3 or 4 ft. in di-

ameter and 180 ft. tall. If the odor from the chips

is sufficiently strong a search is made over the tree

for a flaw- in which the camphor gum may have col-

lected. The tree is cut off below the flaw and the

wood split away in order to find the deposit. The flaw

may be from 4 to 6 ft. long and may contain up to

14 lbs., though 7 lbs. would be above the average.

In Japan and Formosa the body of the tree which

contains camphor is cut into chips by the workers,

who use for this purpose a chisel-like knife. The
finer the chips the more suitable they are for distilla-

tion. They may be taken from trunk, limbs, roots or

twigs. The chips are now distilled in an apparatus

of native manufacture which is crude, but better than

mechanical devices which have been imported from

Europe.

Over a fireplace is a pan filled with water. Above

the pan is a very tight circular wooden retort, about

3 ft. in diameter at the bottom and i ft. at the top.

and 5 ft. high.

This retort is filled through an opening in the

top with the camphor wood chips. The opening is

then closed by a double lid, and earth banked around

the lower section of the retort prevents the escape

of the camphor fumes. Just above the water pan are

thin slats of perforated bamlxxj, through the apertures

of which steam passes into the chips above, extracting

the camphor. Xear the top of the retort are two bam-

boo pipes, through which the vapors are conducted to

a cooling box about 10 ft. distant. This cooling box

is divided into two compartments ; the lower is filled

with cool water, and the upper contains a wooden
screen, upon wdiich the camphor crystallizes. Con-

nected with the cooling box is another of exactlv sim-

ilar description, called the crystallization box. Both

are immersed in water, which hastens the process of

crystallization. Distillation requires about 24 hours.

The chips are then removed through an opening in the

lower section of the retort.

The two products of the distillation are crude cam-

phor and camphor oil. The camphor is crystallized on

the screens of the boxes. The oil is caught in leads

and also skimmed from the water in the cooling boxes.

The camphor and camphor oil thus obtained are

shipped to Kolbe, Japan, where the camphor oil is

further treated. It is heated in small cast iron stills

and the fraction having a Sp. G. 0.825 .920, which

contains 45 to 55 per cent of camphor, is cooled to

allow the camphor to crystallize out. When ready,

the crude camphor is dramed out of the oil by filter-

ing through cloth bags.

After draining for a few days this product is

packed in tubs, and after some months gives by re-

arrangement crystals quite as large and firm as those

of the crude camphor produced from the wood.

These tw^o grades produced from the wood and

from camphor oil when mixed at the monopoly plants

constitute what is known as Grade "B," or commercial

crude camphor. Tliis is the grade used by the Amer-

ican trade.

In the government refineries the "H" grade is some-

what purified and yields the "BB" grade, which is ex-

[iorted along with the "B"' grade to European mar-

kets. This is also the grade supplied to the seven

companies licensed by the government for refining.

They sublime the camphor, producing a clear block of

pure camphor.

There are twu kinds of camphor an the market

—

the Japanese C]f,H,,;0 or ordinary camphor, and Bor-

neo camphor obtained from Dryohalanops camphora,

Ci,Hj-( )H. The latter is more expensive, owing to

the demands of the Chinese trade, and is seldom in

.American or European markets. It can, however, be

produced by reduction of ordinary camphor. The

odor of Borneo camphor or borneol is much like that

(if ordinary camphor, but it has in acldition a some-

what jieppery smell.

The tremendous increase in the use of camphor

caused an increase in exports from Japan and For-

mosa of from 620,000 lbs. in 1868 to 8,427,000 in

1907, and at the same time a rise in price of from

$16.42 to $168.50 per 220 lbs. Owing to the extraor-

dinary prices industrial chemists were led to investi-

gate the question of producing synthetic camphor,

with such success that in 1905 and following they were

able to compete with the natural product. In 1908

the efifect upon the market of synthetic camphor was

such as to reduce imports of natural camphor nearly

one-half as compared with 1907.

Immediately following, however. Japan and For-

mosa were able to quote prices so low that practically

all of the firms manufacturing synthetic camphor have

been forced to discontinue operations, and natural

camphor not only has regained its old market, but is

striving with success to find new ones, mainly in the ex-

treme cast. It is true, however, that the rapidly in-

creasing price of turpentine may have had something

to do with this condition of affairs and also that in

a few cases, notably that of the Chemische Fabrik

a. A. vorm A. Schering of Berlin, it seems possible

to make the artificial product and keep its market un-

der present conditions.

Many patents have been taken out covering proc-

esses for the formation of synthetic camphor, but all

are attempted iinprovements on the one original dis-
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covery— i. e., that pinene, a hydrocarbon in turpen-

tine, could be converted.

The methods for effecting the transformation are

various, but all follow practically the same line.

Pinene, QoHjc, is treated with HCl or oxalic acid.

In the first case the pinene hydrochloride is heated

under pressure with acetate of lead in acetic acid,

causing the formation of campheue, which has the

same empyrical formula as Pinene, CjoH,,,, but is of

a different structure, and is therefore easily oxidized

to camphor, potassium permanganate being used to

produce the change.

In the second case, where oxalic acid is used, in-

stead of pinene hydrochloride, we have a mixture of

camphor, pinyl formate and pinyl oxalate. This is

washed with water and the oxalate and formate are

saponified, whereby camphor and borneol are formed.

The mixture is distilled and the borneol is oxidized

by means of chromic acid to camphor.

Other modifications are very numerous, over 200

patents having been taken out, but these two examples

are sufficient to show the general lines on which the

sjTithesis is carried out.

The firm of A. Schering of Berlin, who have been

able to continue the manufacture, do not disclose their

special methods and laboratory equipment. It is gen-

erally understood that they have followed along the

lines of original German patents, the second case men-

tioned above. How much further they can follow a

downward move in prices is not known, but compe-

tent persons feel that the limit will soon be reached.

The establishment of the industry in the United

States might not be so difficult. The obtaining of tur-

pentine is an easy matter, and while not considered

so good as the French turpentine, the American ranks

next in favor with manufacturers.

Another fact in favor of American manufacturers

would be the import duty of 6 cts. per pound which is

levied on both refined and synthetic camphor.

GOVERNMENT TESTS OF WOOD FOR
PAPER MAKING.

The experimental ground wood ]nilp mill which the

United States Department of Agriculture has been

equipping at Wausau, Wis., in co-operation with the

American Pul]) & Paper Association, has begim to

grind. The carrying on of the tests now under way
was provided for by a special appropriation, placed at

the di.sposal of the Secretary of Agriculture by Con-

gress last winter, to conduct tests of the suitability

for paper making of plants and woods which seem

likely to become valuable sources of supply of new
material. It was considered that the best use which

could he made of this money would be to conduct ex-

periments on a commercial scale, with various kinds

of wood. Some of these have already been studied in

the lalxiratory, and found to be intrinsically suitable for

])ul]) manufacture. Indeed, the Forest Service has actu-

ally made paper by one of the chemical processes from

several of them. But in order to know whether they

can profitably be utilized, under present conditions,

it is necessary to test them under methods of manu-

facture comparable to those employed in actual busi-

ness operations. In particular, it is desired to find out

to what extent new woods can be used for ground pulp,

the cost of which is usually less than that of chemical

])uli). The Wausau mill has been built especially for

the use of the government for as long as the experi-

ments may require. Its inside dimensions are 40 i>y 100

ft., and it is equipped with electrical machinery and all

necessary apparatus of the most up-to-date type. Part

of the equipment is contributed by the American Pulp

& Paper Association, and part is furnished by the gov-

ernment. The association will also furnish the wood
for the tests. The wood now on hand includes carload

lots of jack pine, spruce, hemlock and tamarack. The
jack pine is to be the first wood tested. While the

experiments are intended to cover woods from all parts

of the country which, from the standpoint of physical

properties and available supplies, promise to furnish

new material for the paper-making industry, a special

point will be made of tests of Western woods which

are abundant in the national forests. There are enor-

mous supplies of various soft woods in these forests

for which there now exists little demand, and this fact

constitutes one of the serious problems of management
nf the national forests. In order to have forests pro-

duce timber steadily they must be cut; but if there is

a market only for timber from the most valuable kinds

of trees the result of cutting is likely to be the disap-

pearance of these trees and their replacement in the

forest growth by species which are not in demand.

Since the pulp mills take material too small for the

lumber mills, species suitable for paper making can be

cut to a low timber diameter, and thus the balance may
l>e turned in favor of the reproduction of the more

valuable kinds of trees. In addition to the benefit

which the public will derive from the advancement of

forest conservation in consequence of the wood pulp

experiments of the government, there is the further

benefit of cheaper paper which it is believed these

experiments should make possible. The price of paper

of tile cheaper grades, including news paper, has been

ailvancing rapidly of recent years as the supply of

spruce dwindled, and .\merican mills are now drawing

a large part of their supply fro mCanada. If ground

jjulp of the requisite quality can be made from new and

abundant woods as cheaply as it is made from spruce,

one of the most serious problems of the newspaper

])ublisher nnwadays will or should be considerably

simplified.

According to tlie United States consul at Birming-

ham. England, there are now 80 plants in the Ignited

Kingdom for the conversion of garbage of cities into

electric power ; they are increasing at the rate of

20 a year.
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BLEACH PLANT ANALYSIS.

By ROBERT E. BRADLEY.*

The most generally recommended method for the

analysis of bleaching solutions for the available chlor-

ine content consists in titrating a known volume of the

bleach with standard arsenious acid solution, and de-

termining the end point by removing a drop to iodo-

starch paper, or to a drop of potassium iodide and

starch on a porcelain plate. A very widely used modi-

fication of this consists in adding an excess of the

arsenious acid solution to a known volume of the

bleach, and titrating the excess by a standard iodine

solution, using starch as the indicator. These meth-

ods work very well on solutions of chloride of lime,

but much trouble has been experienced in titrating the

available chlorine in bleach made in the wet way, i. e.,

by passing chlorine gas into an excess of liiilk of lime.

A little consideration may point to the apparent reason.

Chloride of lime is made by saturating slaked lime

with chlorine gas. Under these conditions the com-

OCl

pound formed has the composition Ca , and the

CI

amount of free alkali from the calcium hydroxide

present would be absolutely zero, or even if imper-

fectly made, wovild be quite negligible. Bleach liquors

made by passing chlorine into milk of lime, on the

other hand, contain very considerable quantities of

free hydroxide in the finished product, because an ex-

cess of milk of lime is always present.

'

\\"hen bleach made in the latter way is titrated, a

considerable amount of OH ions is introduced into

the reaction. Now, since

^NaHCO, — Xa + HCO,
and Ca(OH),— Ca + 2(OH)
and OH -f HCO, = H,0 + CO,

or summing the reaction up

Ca(OH), -f 2NaHC0,, = 2H,0 -f CaCO, -f XaXO,
i. e., the effect of the free lime is to produce sodium

carbonate, which is alkaline in reaction.

It is well known that in an iodometric determination

nothing but the bicarbonate may be present ; all other

alkaline carbonates reacting alkaline and absorbing-

iodine more or less rapidly according to conditions.

This means that any method which uses iodine to color

starch as the end point will be inaccurate if livdrox\l

'2'j1 Main St., 'Winchester, Mass.
'Smith's General Chemistry for Colleges, p. 324.

ions are present. That hydroxyl ions are present in

bleach made in the wet process has been shown theo-

retically, and the same may be very easily shown ana-

lytically. That hydroxyl ions are not present in bleach

matle from chloride of lime can likewise be shown.

Washburn- concludes that at the completion of the

titration the solution should be neutral. A solution

containing the salt of a weak acid (or bascj together

with an excess of the acid (or base) has the property

of maintaining itself at a fairly constant hydrogen ion

concentration. This means that the salt chosen as the

neutralizing agent should be such that its ionization

constant is equal to the desired hydrogen ion concen-

tration, in this case being 10 \ The salts Na^NPO^,
XaHCO., and NiajBO., may be used. It is calculated

that at the end of the titration the solution should con-

tain two mols of X'a.IIPOj to every mol of XaH^POi
to preserve neutrality, or th;it the solution should be

saturated with CO^, and be 0.12 molar in respect to

XaHCO,:. -^s the hydrogen ion is sensitive to the

escape of CO. the titration should be done in a .sto])-

])ered flask, and the solution kept saturated with the

gas. The following directions are given for titrating

an unknown solution of arsenious acid.

Make the solution neutral with HCl or XaOH as re-

quired, using phenolphthalein as indicator. The neu-

tralizing agent is then added gradually from a burette,

and then the titration is nearly completed, more of the

neutralizing agent is added until the total amounts to

abfiut five grams X'aHCO.j or eleven grams

Xa.HP0^i2H„0 for every 100 cc. o.i iodine solu-

tion required in the titration. The volume at the end

should be about 250 cc. for every 100 cc. iodine used.

By following these directions, and using weight bu-

rettes, he claims it possible to attain an accuracy of

o.ooi per cent.

The above, applied to the case at hand, would mean
that the analysis of the bleach obtained by the wet

process would have to be saturated with COo at all

times, or that it would have to be very carefully neu-

tralized at the start. Xeither of these will recommend
themselves to a hus\- laboratory'.

W. A. Puckner'' has shown that we are wrong in the

supposition that sodium bicarbonate has no action

upon iodine. He showed that when using one to two

grams of the bicarbonate an error of 1.5 to 4.5 cc. o.

i

normal iodine may be introduced, even when the bi-

carbonate used is of exceptional purity, and especiallv

proven free from carbonate, sulphite, or thiosulphate.

"J. Am. Chem. Soc, 30, 31-46: Chemical Abstracts, 1907. p. 237.

'Proc. A. Ph. A.. 1904, 408; H. W. Schimpf, Manual of 'Vol.
Aral., p. luo.
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He shows that when bicarbonate is added to a tenth

normal solution of iodine, residual titration of the io-

dine with thiosulphate will show a considerable loss

of free iodine, which went into combination in some

form or other (probably iodide), and that the quantity

so lost is proportional to (i ) the mass of bicarbonate,

(2) the time of interaction, (3) the concentration of

the solution, {4) the temperature, and (5) the size of

the flask in which the reaction occurs.

These phenomena are due to the fact that XaHCO^,
when dissolved in water, undergoes hydrolysis, thus,

2XaHCO, = Xa.CU, + H..CO3, and H.CcX = H.,0

+ CO,.

This breaking up of the bicarbonate into carbonate,

carbon dioxide and water continues until the pressure

of the carbon dioxide gas above the solution is equal to

the pressure of the gas in the solution, i. e., until equi-

librium has been reached. In concentrated solutions of

bicarbonate the amount hydrol_\-zed is much greater

than in dilute solutions. An elevation of temperature

also increases the absorption of iodine.

Less iodine is lost when small flasks are used, pro-

vided the glass stopper completely cuts off comnuniica-

tion with the atmosphere. The carbon dioxide will

then escape from the solution until its pressure m the

solution is equal to that of the gas above. Thus, since

a large volume of air is contained in a larger flask,

more carbon dioxide will pass from the liquid before

equilibrium is established, hence more bicarbonate will

be decomposed, and more iodine absorbed.

The above researches go to show that, except under

the most exacting conditions, the arsenious acid meth-

od for the determination of the available chlorine in

wet process bleach li(|uors is not as exact a process

as could be desired, and that a more reliable method

would fill a great want.

This want is almost perfectly met by I'nmsen's

process, where a definite volume of bleach is delivered

into a large excess of potassium iodide, acetic acid

added, and the liberated iodine titrated by thiosul-

phate. Here, since the solution is made acid, there can

be no hydroxyl ions, and this trouble is avoided. Care

must be taken not to use a strong acid, as this would

attack the chlorates present more or less according to

the time and temperature.

This method gives the most accurate results that

could be desired. The only objection to i: lies in the

cost of the potassium iodide, and the somewhat un-

stable nature of the thiosulphate solution.

THE MEASUREMENT OF TEMPERATURE.*

By JAMES CLINTON PEEBLES, E. E.t

The London office of the Transvaal Chamber of

Mines. Johannesburg, has been advised that the total

gold output of the mines of the Transvaal for the

calendar year 1910 amounted to $155,742,172, against

$150,500,347 in 1900. $145,788,710 in 1Q08, and $133.-

360,292 in 1907. The yield of gold in X^ew South

Wales, Australia, for 1910 is reported as 225,172

ounces, valued at $4,011,337, against 238,047 ounces,

valued at $4,231,645, in 1909.

It is the purpose of this paper to discuss some of the

devices which are in use for the measurement of tem-

perature, with special reference to the measurement of

comparatively high temperatures, from about 500° F.

up. Also, the errors to which such instruments are

subject will be pointed out, and so far as possible,

methods of avoiding these errors will be indicated.

THE MERCURIAL THERMO.M ETER.

The instrument in most general use for the measure-

ment of temperature, is the mercury-in-glass ther-

mometer. Other liquids than mercury are sometimes

used in a glass thermometer, Inu the principle is the

same. When such an instrument is used at a tempera-

ture of 500° F., or higher, it becomes subject to errors

which are often consiuerable, and which the simplicity

of the instrument tends to conceal.

The most common source of error in such a ther-

mometer is boiling of the mercury, which may occur

at as low a temperature as 300^^ F. This produces a

vaporization of a portion of the mercury, with a subse-

quent recondensation in the upper, cooler part of the

capillary tube. This trouble can be overcome by intro-

ducing an inert gas, such as nitrogen, into the capillary

tube above the mercury. As the mercury rises in the

tube upon an increase in temperature, the gas pressure

is increased and the boiling of the mercury thus pre-

vented. This precaution is observed in the higher

grade thermometers, but instruments are on the mar-

ket which are subject to a considerable error from the

boiling of the mercur_\-. When using a thermometer

which has not been filled with nitrogen, a good pre-

caution to observe is to keep the top of the mercury

column as cool as possible, and so prevent boiling, or

to keep the whole stem hot, which prevents condensa-

tion of the mercury. This precaution will be efifective

up to 350° to 400° F.. but for higher temperatures a

nitrogen filled thermomteer should always be used.

After a thermometer has been made and calibrated

it mav undergo certain changes which will very seri-

ouslv affect its accuracy. The most important changes,

and the onlv one which need be considered here, is a

permanent contraction of the glass which renders all

the readings of the instrument high. This is caused by

a slow readjustment of the internal stresses in the

glass which were produced when the stem was made.

Tests made by the writer have shown thermometers to

read as much as 60° high at a temperature of 700° F.,

due to the contraction of the glass. Frrors nf this

magnitude were found in supposedlv high grade in-

struments, much above the average thermometer to be

found in the market. It is quite probable that many
thermometers in sreneral use. the indications of which

•From The .-Armour Engineer.

fTnstrnotor in Experimental Engineering. Armovar Institute of
Technology.

I
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are aceeplcd as correct by ihc users, would be found ou

test to be subject to errors even greater than this.

In the manufacture of the best thernionieters the

glass stem is annealctl before the scale is etched on.

This is done by lieating the stem at a temperature

somewhat above the highest at which it is to be used,

and maintaining it at that temperature from five to

ten days. It should then be cooled very slowly, the

cooling lasting from four to six days. This removes

all the strains from the glass and produces a thermom-

eter which w'ill not change with age. In buying a ther-

mometer for use in work where reliable indications are

essential, only one which has been properly annealcil in

the making should be considered. Many thermom-

eters which have not been thus artificiallv aged are in

the market.

In perhaps the majority of cases where a thermom-

eter is used, the bulb is placed in contact with the ob-

ject of which the temperature is desired, while a con-

siderable portion of the stem emerges into a ver\' dif-

ferent temperature. For example : Suppose an ex-

perimenter wishes to determine the burning point of a

sample of gas cylinder oil. The bulb and perhaps a

small portion of the stem are immersed in the oil at a

temperature of say, 650° F. The greater portion of

the stem emerges into the air above the oil bath, the

average temperature of which may not be much above

100° F. Most high grade thermometers are calibrated

under a condition of total immersion, and are correct

for that condition onlj^ When only the bulb is im-

mersed and the stem emerges into the air at a much
lower temperature, the indications of the instrument

will be considerably in error. The amount of the error

will depend upon the difference in temperature be-

tween immersed and emergent parts, the number of

degrees on the emergent stem, and the glass of which

the stem is made.

Stem correction = Kn (T° — t"), where K is a

constant depending on the glass, n is the number of

degrees on emergent stem : T° is the temperature of the

immersed part, and t° the temperature of the emergent

part. The value of K must be determined experiment-

ally for each thermometer, as it differs for different

glass. This can be done by comparing the reading of

the thermometer when exposed to a given temperature

under a condition of total immersion with the reading

under a condition of partial immersion. This gives

all the factors in the above equation except K. which

may therefore be calculated.

In the thermometer mentioned above in connection

with the test of cylinder oil, the value of K is .oooo<">.

The oil is at a temperature of 650° F., and the air

above the bath at 100° F. Hence T° — 1° = 650° —
100° ^ 550°. A.ssume that the stem is immersed in

the oil to the 50° point. The stem correction is

0.00009 (^650— 50) ("650— 100) =29.7°.

When the stem is colder than the bulb the stem cor-

rection must be added to the observed reading. Hence

the correct burning point of the oil is 650° -{- 29.7° =

^79-7 When the stem is hotter than the bulb the

stem correction should be subtracted.

A reliable mercury-in-glass thermometer should he

well annealed to prevent slow contraction of bulb and

stem with age ; the upper part of the capillary tube

should be filled with nitrogen to prevent boiling of the

mercury; and the stem correction should be known.

RESISTANCE THERMOMETER.

The practical limit of a mercurial thermometer is

from 800° F. to 900^ F. Above this it is very difficult

to obtain reliable results with a mercurial thermometer,

and so some other method becomes necessary. The
electrical resistance of the metals is known to change
with temperature, and since electrical resistance can be

measured with considerable accuracy this furnishes

one of the most reliable and accurate methods f(ir the

measurement of temperature.

Platinum is practicalh- the only metal which has

come into general use for this pur]>ose on account of

its high melting point and resistance to the attack of

gases at high temperatures. The first electrical resist-

ance thermometer was designed by Sir William Sie-

mens, and was later improved and perfected by Callen-

der and Griffiths. Siemens' instrument was made by

winding fine platinum wire on a fire clay cylinder and
surrounding it with a protecting tube of porcelain or

(|uartz. This thermometer was found to be sluggish

in its action, requirmg considerable time to come to the

tem])erature of the surrounding medium. It gave very

good results, however, where the temperature was

nearly constant, as would be the case in an annealing

furnace.

In Callender's instrument the platinum wire was
wound on a strip of mica and surrounded with a steel

tube. The porcelain tube is very fragile and was
found to break with the slightest blow when hot. It is

also very likely to crack when exposed to sudden

changes in temperature, and hence cannot be used with

success in a metal bath. The Callender instrument,

with steel protecting tube, was found to be quite sensi-

tive and extremely accurate. In fact the resistance

thermometer is probably without doubt the most accu-

rate instrument that we have for the measurement of

temperature. It is a matter of record that a ther-

mometer of this type, designed and constrticted bv the

United States Bureau of Standarfls. reached the tem-

perature of the surrounding mediimi to within i 1000

of a degree Centigrade in three seconds.

The measurement of the resistance of the platinum

coil is an important point in resistance thermometrv.

The Wheatstone bridge method is the one usuallv em-

ployed, involving the use of a galvanometer, an ad-

justable resistance and a battery. The operation con-

sists in adjusting the variable resistance in one branch

of the bridge until a balance is obtained, indicated by

a zero reading of the galvanometer when its circuit is

closed. A certain amount of manipulation is therefore

always necessary to secure a temperature reading with
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a thermometer of this kind. Hence a resistance ther-

mometer is not a directly indicating instrument, un-

less the necessary manipulation is done automatically.

A well-known form of instrument for use with a re-

sistance thermometer is a Whipple Indicator. This in-

strument is shown in Fig. i, connected to the thermom-

eter and ready for use. It consists of a Wheatstone

bridge, battery and galvanometer, contained in a single

case as shown. The adjustable resistance consists of a

coil of wire wound upon a drum which is revolved by

hand until a balance is obtained. Since the tempera-

ture sought depends upon the resistance of the plati-

num coil in the thermometer, and since this in turn is

equal to or proportional to the adjustable resistance on

the drum, at the time a balance is obtained, it follows

that the temperature scale can be placed directly on

the measurement of the resistance of the thermometer

coil. For this reason two compensating leads of the

same size and length as the true leads, are placed side

by side with the latter, and connected to two separate

binding posts in the boxwood head. Any change in

the resistance of the true leads is balanced by an equal

change in the compensating leads. All that remains

to be done is to connect the compensating leads to the

adjustable resistance of the \\^leatstone bridge. Thus

any change in the resistance of these leads simply adds

to or subtracts from the adjustable resistance in exactly

the same magnitude as a change in the resistance of

the true leads affects the resistance of the thermom-

eter coil.

Since the adjustable resistance must be balanced

against the thermometer coil when a reading: is ob-

Fig. 1—Whipple Indicator with Resistance Thermometer.

this drum. Thus it is that instead of reading the re-

sistance which has been wound upon the drum we read

the temperature directly.

Of course certain known points must be located on

this temperature scale, in order to make possible the

step from resistance to temperature. The freezing

points of certain of the metals are known with a con-

siderable degree of accuracy, and this supplies a con-

venient and reliable method for calibrating an instru-

ment of this kind.

Resistance thermometers are made in various sizes

and lengths, up to i in. in diameter and about 30 ins.

in length. The platinum resistance coil usually occu-

pies not more than 4 ins. in the lower end of the pro-

tecting tube, from which platinum leads are run to

binding posts on the boxwood head at the other end.

It is important that no change in the resistance of

these leads, due to temperature changes, should affect

tained, it follows that the changes in lead resistance

are eliminated. Thus an instrument of this kind be-

comes independent of the depth of immersion, a very

important point in high temperature thermometry.

A very excellent instrument for use with a resist-

ance thermometer is the Callender Recorder, shown

in Fig. 2. This instrument gives a continuous record

of temperature, the chart covering a period of 24

hours. In this recorder the adjustments of the

Wheatstone bridge are made automatically by means

of magnets and clock work. Two magnets are made
use of. one operating wlien the current through the

bridge is in one direction and the other when the cur-

rent is in the opposite direction. The adjustable re-

sistance is operated by the clock work, the magnets

simply serving to release a brake which holds the clock

in check. The clock operates the adjustable resistance

in one direction or the other, according to which mag-
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iK'i has oi>erated. As scx)n as a balance is obtained the

current ceases to How through the mag^iet, which im-

mediately lets go of the brake and stops the clock

motion.

Thus, all the manipulation necessary for a meas-

urement of resistance is done automatically and the

instrument will give a continuous record of

temperature.

Up to about 2200° F., the platinum resistance ther-

mometer gives the most accurate measurement of tem-

perature that we have. The only objections to it are

a slight change in the resistance of the platinum with

time, and the fragile character of a porcelain or quartz

protecting sheath.

THERMOELECTRIC THERMOMETER.

When two dissimilar metals are fused together and

the junction heated, the latter becomes a source of

Fig. 2

—

Callender Recorder.

electromotive force. The magnitude of this electro-

motive force is proportional to the temperature to

which the junction is raised. This fact offers a simple

and convenient method for the measurement of cnm-

]iaratively hiiih temperatures.

Such a junction of two different metals is known as

a thermo-electric couple, and much study and investi-

gation have been devoted bv physicists to the thermo-

electric measurement of temperature. The credit for

finally placing thermo-electric pyrometry on a satisfac-

tory basis belongs to LeChatelier. He made a couple

consisting of one wire of pure platinum and the other

an alloy of 90 per cent platinum and 10 per cent rho-

dium. This is known as the LeChatelier couple and

is the one in general use at the present time.

In the commercial application of this principle, the

two wires forming the couple are first fused together,

and then are insulated from each other throughout
their length by winding asbestos thread upon them.

Iiach wire is then run through a small porcelain tube,

the tubes extending almost to the junction. The whole
is then covered by a large porcelain or quartz tube, and
the two free ends of the wires led to binding posts on

the wooden handle or socket to which the enclosing

tube is fastened. A millivoltmeter graduated to read

temperature in degrees completes the apparatus.

The magnitude of the electromotive force produced

by such a couple depends, not upon the absolute tem-

perature of the junction, but rather upon the differ-

ence in temperature between the junction and the other

ends of the wires, where they are connected to the

external leads. Hence, we have the terms "hot junc-

tion" and "cold junction" to designate the different

ends of the wires forming the couple or "element." It

is important, therefore, that the cold junction he kept

at a constant temperature while the thermo-couple is in

use. Neglect of this precaution may lead to consider-

able error in the indications of the instrument.

In addition to its simplicitv and ease in handling, the

thermo-electric pyrometer has the advantage of a very

small time lag. It comes quickh- to^ the temperature

of the medium in which it is placed, antl hence is suit-

able for measuring changing temperatures. In this

])articular it is superior to the resistance thermometer,

but is not capable of such great accuracy as the lat-

ter instrument.

The sensibility of a platinum-rhodium thermo-

couple diminishes rapidly below 500" F., and hence, it

is not suited for measuring comparatively low tem-

peratures. In the range between 300° F. and 900° F..

the best results are obtained from the use of a couple

of copper and constantan or iron and constantan.

Such a couple gives a much greater electromotive

force in this range than can be obtained from a plati-

num-rhodium couple, and hence is more satisfactorv.

.Ml metals disintegrate more or less when exposed

to high temperatures for a considerable length of time.

This disintegration of the metal forming a thermo-

couple is also accompanied bv a loss in electromotive

force, and hence after long exposure to a high tem-

perature, the indications of such a couple are likely

to be somewhat in error. If platinum be kept at a dull

red heat (about 1800° F.) for eight hours it will

suffer a loss of about l4 per cent in electromotive

force. Continued heating will not increase this loss

materially, and when it is considered that all other

metals suffer a much .greater loss, it is easily seen that

platinum is by far the best metal for a thermo-

couple.

OPTICAL PYROMETERS.

There are manv industrial ])rocesses carried on at

temperatures where platintnn either disintegrates rap-

idlv or fuses. Such temperatures are to be found in

the electric furnace, which now has a wide commercial
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applicatiiiii. Alaiiiftslly iiuiif oi the temperature nieas-

unng devices discussed thus tar, as electric resistance

and thermo-electric pyrometer, are suitable for use

with such high temperatures.

For some time it had been the custom to estimate

these temperatures by the trained eye of the experi-

enced workman. But this method was only approxi-

mately correct at best for the same eye may var_\- con-

siderably in the estimation of color. This crude

method, however, furnished the clue to the discovery

of a much more accurate and scientific method, where-

bv the temperature of a hot body is measured by the

intensitv of the light which it radiates. .\n instrument

for measuring temperature by means of light radiation

is known as an optical pyrometer.

The principle upon which optical pyrometry is based

is known as the Stefan-lSn'tzmann railiation law. Tliese

the optical pyrometer has been worked out. The meth-

od consists m comparing the intensity of the light

from the hot body with tnat from a standard lamp, by

ordinary photometric methods.

Une of the best optical pyrometers is the invention

of LeChatelier, the man who did much in the devel-

opment of the thermo-electric pyrometer. Inasmuch

as the principle used in this instrument is typical of

all others, it will be described rather carefully, from

which is should be possible to obtain a fair idea of

the optical pyrometer in general.

The construction of the instrument may be seen

from Fig. 3. A small gasoline lamp is placed at A,

so that light from its central portion passes through

the lense B, is reflected from the 45° mirror, brought

to a focus by the eye-piece, and observe! tlirougli a

red glass.

i\ ' r
IL , Jl Rbsorbintp Glcis

Fig. 3— LeChatelier

two physicists, after nuicli study and research, suc-

ceeded in establishing the physical law that the total

energy of radiation from a hot body is proportional to

the foiu'th power nf its absolute temperature. The

research from which this law was deduced is discussed

by Waidner and Burgess in Bulletin Xo. 2 of the

United States Bureau of Standards.

It will be evident that if it is possible to measure

the total energy of radiation with a fair degree of ac-

curacy, we immediateh' have a very accurate measure

of temperature, because the latter is proportional to

the fourth root of the energy of radiation. Thus n

considerable error in the measurement of the total en-

ergy of radiation will give a verv small error in the de-

termination of the temperature.

Photometric methods liave been made use of for

the purpose of measuring the intensitv of the light ra-

diated from an incandescent bodv, and along this line

Corv>porisort Lc3nnp

TTSe Ff'

Optical Pyrometer.

This provides a red comparison field of constant in-

tensitv. The lamp .\ is mounted eccentrically, and

mav be turned so that the image of the flame is exactly

bisected bv the edge of the mirror C. Light from the

incandescent body under observation is focused by the

objective, jjasses by the e(ig:e of the 45° mirror, and

forms a red field immediately beside and touching the

first.

A measure of temperature is made bv bringing the

two red fields to the same brightness. This is done by

opening or closing the iris diaphragm D in front of

the objective, thus admitting more or less light from

the body whose temperature is sought. For very high

temperatures additional absorbing glasses of known
coefficients of absorption, are placed below the ob-

jective, and for lower temperatures before the com-

parison lamp. The opening of the iris diaphragm,

when equal intensity has been established, is read ujxjn
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a scale, the square of whose feading is a measure of

the intensity of the hght from the incandescent source.

Since, according to the Stefan-Boltzman law, the

temperature is proportional to the intensity of the radi-

ation, we have immediately a measure of the tempera-

ture when we have measured the intensity of the radi-

ation. All that is necessary is to have two sources of

light of known temperatures, molten metal for ex-

ample. Note the reading of the pyrometer when focused

upon each of these bodies and plot two points having

for their co-ordinates temperatures and scale reading

on the iris diaphragm. Draw a straight line through
these two points, produced in both directions, and the

pyrometer is calibrated for all temperatures.

There is one important point to be ke]5t in mind in

connection with the Stefan-Boltzman law quoted

above. The law is true only for what is technically

known as a "black body." The conception of such a

body is due to Kirchhoff, who defined it as a body

which would absorb all radiations falling on it and

would neither reflect nor transmit any. Kirchhoff

pointed out that the radiation from such a body is a

function of the temperature alone, and hence mav be

ergy. Manifestly they arc nui at the same tempera-

ture, and hence the term, black body temperature vio-

lates the conception of equal temperatures which is

based upon thermal equilibrium between the two

bodies if brought into contact.

Nevertheless, when pyrometers are calibrated in

terms of black body temperature, as all instruments

based upon the Stefan-Boltzman law must necessarily

be, the conception of equal black body temperatures is

of great practical value.

It will be evident from the foregoing that the optical

pyrometer cannot be depended upon to give the cor-

rect absolute temperature of all bodies. It will, how-

ever, repeat its indications upon the same body with

unerring accuracy, and in a large number of indus-

trial operations this is all that is required. .After the

proper temperature for anv operation has been discov-

ered, the optical pyrometer will make it possible to

duplicate this temperature dav after day with great

accuracy.

There are a large number of operations where the

radiation differs but slightly from that of a black body

and hence the optical pvrometer will read the abso-

Fig. 4—Fery Thermo-electric Telescope.

used to measure the temperature. The first experi-

mental realization of such a "black body" was made

by Wein and Lummer, who heated the walls of a hol-

low opaque inclosure as uniformly as possible and ob-

served the radiations coming from the inside through

a very small opening in the walls of the inclosure.

It is evident that such a body will absorb all the

radiations incident through the small opening, no mat-

ter what the material of the walls may be, for unless

the walls are totally reflecting, all radiations must

sooner or later be absorbed, except that portion which

may again escape through the small opening. The

presence of this small opening makes a slight depart-

ure from a theoretical black body.

No body is known whose surface radiation is that

of a black body. The radiations from carbon and iron

are very close to black body radiation, while the radi-

ation from polished platinum and the white oxides de-

parts very evidently from it. It follows, therefore,

that a number of diflFerent bodies all heated to the

same temperatures will radiate difi^erent amounts of

energy, and hence the optical pyrometer would show

varying temperatures for them all. In this connection

the term "black body temperature" came into use.

Two bodies are said to be at the same black body tem-

perature when they radiate the same amount of en-

lute temperature correctly. A boiler furnace, a steel

furnace, a porcelain kiln, a pot of molten glass, an

electric furnace, hot fire brick, etc., are examples.

Thus the optical pyrometer has a wide field for use-

fulness in the mechanic arts.

One of the most convenient instruments, based u\K)n

the energy of total radiation, is Fery"s Thermo-electric

Telescope. This instrument combines the thermo-

electric and optical principles in the measurement of

temperature in that its indications depend upon the

energy or radiation and are obtained from a thermo-

couple and galvanometer. The construction is shown
in Fig. 4. Radiation from the incandescent body
passes through the lens C and falls upon a very small

and sensitive thermo-couple shown at F in the sketch.

-A diaphragm! D D fixed in size and position, gives a

cone of rays of constant angular aperture, independ-

ent of the distance from the incandescent body. These
rays, falling on the thermo-couple, produce an increase

in temperature proportional to the total energy of radi-

ation, which in turn induces an electromotive force

proportional to the energy of radiation. Thus a direct

reading is obtained upon millivoltmeter which, ac-

cording to the Stefan-Boltzman law, may be read in

terms of temperature. The leads from the thermo-

couple are led to the binding posts shown at P P in the
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sketch, to whicli the miUivoltmeter leads are also con-

nected. A and B in the sketch are screens placed on

each side of the thermo-couple to exclude all light ex-

cept that which comes from the incandescent source

under observation. E is the eyepiece by means of

which the image of the light source is focused on the

thermo-couple.

An instrument of this kind is independent of the

distance of the incandescent body, within certain lim-

its, as will appear from the following considerations.

If the instrument is sighted on an incandescent body

of limited dimensions, the amount of radiation passing

through the opening in the daphragm D D will vary

with the distance from the hot body, being inversely

proportional to the square of the distance. If the

thermo-couple were of such size as to receive all of

the radiation converged upon it by the lens C, then the

indications of the galvanometer would decrease as the

distance from the incandescent source increases. But

the thermo-couple, however, is not large enough to

receive all of the radiation converged towards it. The

image of the source of light, formed by the lens C is

large enough to overlap the thermo-couple on all sides,

so that when the obsen-er sights the instrument the

thermo-couple appears as a dark disc in the center of a

bright field of light. When the instrument is brought

nearer to the source of light, thus increasing the size

of the image produced, the only effect is to increase

the amount of this overlapping, while the thermo-

couple receives no more radiation than before. On
the other hand, however, if the instrument be with-

drawn to such a distance from the source of light that

the image formed is not large enough to completely

cover the thermo-couple, the readings obtained will be

too low, and will become less as the distance from the

source of light is increased.

From the foregoing it will be evident that the in-

strument is independent of distance onl\- within cer-

tain limits. The image of the incandescent source must

always be large enough to completely cover the

thermo-couple. In general, the diameter of the hot

body should measure as manv inches as the distance

from the instrument to the hot body measures yards.

The Fery pyrometer is best adapted for use iu the

range from 1300° F. to 2800° F.. where its indica-

tions are sufficiently accurate to answer all require-

ments of industrial work. It should not be forgotten,

however, that an optical pyrometer dejjending for its

reading upon a measurement of the energy of radi-

ation reads black body temperatures, which in some

cases may vary considerably from true temperatures.

But when the same temperature is to be repeated time

after time in the same process, the Ferv pyrometer

will rei>eat its readings with a degree of accuracy suffi-

cient for all practical purposes.

A NEW METHOD OF METAL COATING.

The output of oven coke in Canada in 1909 wa?

821,727, as against S52.2f)6 tons in 1Q08.

The principle involved in the new method of coat-

ing various substances with metals, the invention of a

Swiss engineer, and recently presented before the

Academy of Sciences at Paris by a member of the

institute, according to a consular report. The process

consists in reducing molten tin, zinc, copper, lead, alu-

minum, or other metal or alloy to a state of pulveriza-

tion by the pressure of an inert gas—nitrogen or hydro-

gen—and in that state driving it against the surface

to be covered from a flexible tube with a tip like that of

a large vaporizer for liquids. The apparatus is simple

in construction and consists of a closed crucible, in

which the covering metal is fused, with an orifice at

the lx)ttom which can be opened or closed by a stop

valve worked from the outside. At the side of the ap-

paratus stands the steel cylinder in which is supplied

the condensed nitrogen or hydrogen gas, under high

l^ressure, as such gases are used in various industrial

processes. From this cylinder a tube leads through

a small furnace heated by gas flames. The portion

of the tube within the furnace is made spiral like the

worm of a still, so as to multiply the heating surface,

and the gas passing through it is raised to a tempera-

ture of 200° F. or more. Beyond the furnace the tube

divides into two branches, one of which opens into the

closed crucible containing the molten metal and exerts

upon the molten surface the expansive pressure of the

supply cylinder, augmented by heating as the gas

passes through the spiral tube. The other branch of

the pipe passes downward and terminates in a tip with

a pointed orifice, so shaped as to promote spraying, as

in an ordinary vaporizer. From the lower apex of the

crucible another tube leads downward, terminating in

a conical bulb, the point of which is pierced with an

orifice and so held that the molten metal expelled

through the orifice by gravity, aided by the pressure in

the crucible, meets the stream of hot nitrogen or hydro-

gen gas ejected under high pressure from the first

branch of the tube, as above described. The result

of the mingling of the two jets of inert gas and molten

metal under these conditions is to atomize or convert

the latter into a cloud of metallic vapor, which, being

projected against a surface of iron, steel, wood, or

almost any other substance, forms upon it a metallic

coating similar to the deposit of copper on an electro-

type plate by the galvanic process, the difference being

that by the new process, the method of coating with

metal is mechanical and immediate, not dependent upon

chemical action, and therefore applicable to a wide

range of substances under any conditions which permit

the apparatus to be used. For ordinary purposes the

metalizing plant is stationary, but for metal coating

large surfaces in or out of doors a portable apparatus

has been devised which is said to give satisfactory

results.
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USE OF MAGNESIUM IN DEOXIDIZING
ALUMINUM ALLOYS.-

By H. M. LANE.t

Many foundryinen report a great deal of trouble

in melting aluminum, and an examination of the cast-

ings turned out seems to indicate that the metal has

been oxidized. We know that aluminum is oxidized

with exceeding ease, on account of the fact that it is

one of the metals in the manufacture of which much
heat is absorbed, and consequently when it has an op-

p>ortunity to oxidize, this heat is released.

The greater the amount of heat necessary to break

down the oxide of any metal to form the pure metal,

the greater will be the ease with which it will oxidize.

In metallurgy advantage is taken of the fact that some

metals oxidize easier than others, both in refining of

metals and in the protection of certain metals against

oxidation. For instance, in the case of the metallurgy

of steel, metallic aluminum is frequently added to the

molten steel to combine with the oxygen present and

thus prevent its combination with the carbon, the oxide

of aluminum being solid and hence taking up far less

volume in the steel than that which the gas CO would

occupy.

The difTerence in the volume between a solid oxide

like aluminum oxide and a gaseous oxide like car-

bon monoxide (CO) is well illustrated by the state-

ment made by Prof. J. ^^^ Richards before the Elec-

tro-chemical Society recentl}-. in which he called

attention to the fact tliat if a steel contained .001

per cent by weight of oxygen and this combined with

some of the carbon present to form CO gas, that the

volume of the gas at atmospheric pressure would equal

60 per cent of the volume of the steel ; and this clearly

shows that the steel would be exceedingly porous.

For deoxidizing any of the more common metals a

metal which deoxidizes with greater ease must be

used.

The relative amount of heat liberated when a given

amount of metal is oxidized is shown by Table I.

TABLE I,

Calories.
MgO 14o.5
CaO 14.").(»

SiO 131.0
AI2O3 , .m.2

.3

SiO: POO

2

FcjOj 65.7

.3

Nio r,\.r>

•Paper read before the American Brass Founders' Association
tCleveland, O.

The well-known iron thermit reaction which is

caused by melting iron oxide and metallic aluminum
and then igniting the mixture, is due to the fact that

aluminum gives up more than twice as much heat in

being deoxidized as iron does, hence as the aluminum
is reduced to oxide approximately one-half of the

lieat is absorbed by reducing the iron, and the re-

mainder is left to superheat the charge and hold the

material in the molten state.

If the difficulties resulting from remelting aluminum
are due to the oxide of aluminum present in the

metal, and we wish to reduce this oxide, we must look

for a metal that gives up more heat than aluminum

when it is oxidized. As shown by Table I, calcium

and magnesium would fulfill these conditions. Cal-

cium cannot now be obtained pure, however, in com-

mercial form at a low price, and consequently mag-

nesium is the metal to which we would naturalh- turn.

Unfortunately, the o.xides of both aluminum and

magnesium are exceedingly refractory, and hence

solidify immediately while being formed, and no effi-

cient fluxes have been found for removing them from

the metal in liquid form. Owing to its exceedingly

low specific gravity, however, it is argued that mag-
nesium oxide ought to free itself from aluminum

fairly well.

In order to determine the efficiency of magnesium

in deoxidizing aluminum, it was decided to make two

series of test bars, in one of which metal would be re-

melted several times without adding any magnesium

and in the other it was remelted several times with

equal additions of magnesium for each remelting. As
the loss in aluminum for each melting was generally

over one per cent, it was decided to try an addition

of one-half of one per cent of magnesium each time.

It was argued that if loss of strength in aluminum was

due to oxidation during remelting, that each succeed-

ing cast made without magnesium should be weaker

than the preceding, while if exactly a sufficient amount
of magnesium had been added to the other pot to

overcome o.xidation, the test bars in this series should

be of equal strength. If they increased in strength it

would be evident that an excess of magnesium had

been added.

In carrying out the experiments two new No. 40
crucibles were taken. In one there was introduced

25 lbs. of aluminum, and when this was melted one-

half of one per cent of magnesium was added, stirred

in, the pot allowed to stand about two minutes, and

then the metal poured. The test bars were poured in

No. 00 Albany sand, four bars being cast in a mold,

and the molds poured in horizontal position. The
bars were pulled without machining, on accoimt of
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the fact that the investigation sought to determine

the effect of oxidation on castings just as they came
from t'lie sand rather than upon machined metal.

After pouring the bars the remainder of the metal

was run into chills and allowed to cool. The metal

from the chills and the gates and the sprues from

the molds were then carefully weighed and returned

to the pot. Each time the amount of magnesium

added was carefully calculated upon the exact amount

of metal returned to the pot, and the proceeding re-

peated until in the A series, which was the series

with magnesium, eight sets of bars had been cast.

In the case of the eighth melting the metal was not

hot enough to run perfect bars, and so it was weighed

and returned to the pot and the ninth melting made.

Of course, between the A-/ and the A-9 meltings

one per cent of magnesium had been added—that is,

one-half per cent at each melting.

When the bars in the A series were pulled, it was

found that each succeeding series of bars increased in

strength, as shown by the accompanying table and

curves.

For the B series of bars 50 lbs. of aluminum was

taken, melted in a No. 40 crucible, skimmed carefully,

and a series of four bars poured. In this case no

magnesium was added for the first eight meltings.

In the case of the fifth and seventh meltings only one

bar from each series ran perfect.

Beginning with the ninth cast, one-^half of one per

cent of magnesium was added just before pouring.

and this procedure repeated for eight consecutive

meltings, making 16 in all for the B series. Great

care was taken in all of this work, and a small amount

of chloride of zinc placed on the metal when it liecame

molten.

To our surprise, the bars from the B pot did not

fall off in strength with the first eight meltings, but,

on the other hand, showed a very slight increase in

strength. This increase in strength must be due to

some impurity introduced into the metal.

Careful analysis for zinc has been made to deter-

mine how much zinc had been taken up from the zinc

chloride. Of course, there is also a possibility of

carbon being absorbed from the crucible, or of metal

from the stirring rod.

The results of the first nine sets of bars in the

B series certainly seem to indicate that with careful

work aluminum can he remelted repeateflly without

material loss in strength, and without introducing se-

rious trouble from blowholes. The metal used in the

series was made by the Aluminum Compan\- of

America, and was what is known as their No. r metal,

which is supposed to be 99 per cent pure aluminum.

Willi the addition of magnesium to the ninth bar

in the B series, the strength of this set of bars jumped
to approximately the same figure as that of the first

bar in the A series, and the strength rose steadilv with

each succeeding melting, except that for some reason

which we have not discovered the series of bars from

the B-16 melt are slightly weaker than those from the

preceding pot.

The difference between the succeeding casts shows

a marked difference in strength and fracture in some
cases, as for instance, between the A-3 and the A-4
series, where the strength fell off slightly and the

fracture showed a crystalline structure. The A-5
series increased in strength over the A-4 series, but

showed a marked tendency toward crystallization in

the fracture.

In the B series small flaws were found in several

of the bars, though in some cases these did not seem

to affect the strength much, as for instance in the

B-14 series, flaws occurred in two of the bars, which

only seemed to reduce the strength about 300 lbs. In

another bar a flaw reduced the strength almost

2,000 lbs.

Careful determinations have been made to ascer-

tain exactly the percentage of magnesium left in tlie

bars after melting, and these results are given in

Table III. It will be noticed that some of the mag-
nesium was oxidized, and this undoubtedly reduced

lAniJ-: III.—PERCENT.^Gf; OF MAGNESIUM IN TEST BARS AS CAST.

A-1 66 B-0 80
A-2 87 B-li") 86
A-3 1.32 B-11 1.39

.\-4 1.74 B-12 1.75

A-.5 2.43 B-13 2.32

A-(> 2.43 B-14 2.41

A-7 2..W B-l.T 2.64

A-0 3.74 B-lfi 2.69

a certain amount of aluminum oxide, and thus prob-

ably assisted in strengthening the metal. It would

be interesting to make another series of bars using

appro.ximately the percentage of magnesium lost in

remelting. thus eliminating the increase strength due

to increasing the proportions of magnesium in the

metal.

It is interesting to note that less than three pev cent

of magnesium was sufficient to almost double the ten-

sile strength of the aluminum test bars, as seen by

comparing tests B-i and B-15. An examination of

the fracture of these bars, however, shows that in-

creasing the percentage of magnesium increased the

crystallization and decreased elongation, this latter

fact being clearlv shown in Table II and the accom-

panying curves.

W'hen melting the metal it was noticed that the

niagnesiuni produced a much cleaner metal, although

it had to be poured at a trifle higher temperature than

that Commonly used for aluminum castings. A
pyrometer was not used on the pots, and it is barely

possible that the cleaner surface of the metal deceived

the operator as to the pouring temperature.

.At intervals throughout the series eleven bars were

cast in a graphite mold or chill made from a block

of Acheson graphite. The results obtained from pull-

ing these eleven bars are given in Table IV, and it

will be noticed that the ultimate strength of the series

is higher than that obtained by casting the bars in

sand, it being evident that the graphite acted to some
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extent as a cliill. The relative strength of the bars

one to another is approximately the same as in the

case of the series cast in sand.

As already stated, the metal was melted in a No.

40 crucible, and after the magnesium was added tJic

crucible was stirred with an iron bar, but it is prob-

able that the metal did not take up much if any metal

from the iron bar, first, on account of the fact that

when the bar was introduced into the metal a small

amount of aluminum immediately hardened about it.

and the stirring only continued a few seconds after

this crust had melted off from the iron, so that very
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little time was given for the absorption of iron.

The tests were made as nearly under shop condi-

tions as possible, but as tliey had to be completed at

the end of the day's run, many of the melts were

made after dark, and for this reason it was somewhat

difficult to judge the pouring temperature accurately,

and it is probable that the variations in strength were

due as much to variations in pouring temperatures as

to any other cause. It is always fairly difficult to

judge the proper pouring temperature of aluminum

alloys with which one is not thoroughly familiar, and

in this case, and hence has complicated the results.

The experiments have certainly proved that very

small percentages of magnesium greatly increase the

strength of aluminum, and also improve its mechanical

qualities.

More work should be done to test fully the various

good properties which are imparted to aluminum by

the use of magnesium, and it is to be hoped that any

of the members of the Association who have had ex-

perience along this line will discuss the paper and give

the results of their experience.
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nesiiiin the analytical results showed more magnesium

than was supposed to have been added. The only ex-

planation is that there must have been some segrega-

tion of the magnesium, and it is possible that it tended

to rise toward the top of the crucible, so that the bars

that were cast from the first metal poured from the

crucible would naturally receive more than their pro-

portionate share of magnesium. The writer has seen

this same result in other cases. It is a common expe-

rience in making alloys to find that at the first melt-

ing a metal which has been added will not be thor-

oughly incorporated with the alloy, and it is only after

the second melting that the different ingredients blend

together thoroughly. Then, too, the addition of a

strange metal to a combination does not seem to form

a homogeneous alloy at first, but if the main body of

zinc chloride, thus supporting tlie theory of the re-

duction of aluminum oxide by nascent zinc.

For sampling the bars they were placed in the mill-

ing machine and one-half of the thickness of the head

of the bar milled from each end of the series of four

bars. These chips were then thoroughly mixed and

the sample taken from them. The sampling was done

at the plant of the Russell Wheel & Foundry Co.

throusfh the courtesv of A. T. Waterfall.

The Canadian coal-mining industry was marked dur-

ing 1909 h^ a decreased production in Nova Scotia and

an increased production in the western provinces, re-

sulting in an aggregate decrease for the whole of Can-

ada of 3.3 per cent. The total production in 1909 was
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THE PARAGON ELECTRIC FURNACE.*

By J. HARDEN.t

The electric steel furnace appears to be steadily gain-

ing ground in this countr}' and among others a i^-
ton Kjellin induction furnace has recently been erect-

ed in Sheffield, for crucible steel work, and has suc-

cessfully competed its guarantee run. This furnace

is especially adapted for producing the highest grade

of tool steel. It is, however, well known that a fur-

nace of this type is not adaptable for any extensive

refining of steel, owing to the refining surface of the

bath being small.

It has long been recognized by steel makers gen-

erally that, although the induction furnace is an ex-

cellent tool in the hands of the crucible steel maker, a

furnace which would permit more extensive refining,

and also the construction of large units, at the same

time keeping the advantages embodied in the induc-

tion furnace system, is much to be desired. It is be-

cause of the comparatively low power factor of larger

furnaces of the plain induction type that this class of

furnace has not been constructed in large units to any

great extent.

In order to overcome this, the Rochling-Roden-

hauser furnace, which is partly a resistance furnace

and partly an induction furnace, was designed. A con-

siderable number of these furnaces have been erected

and are in operation abroad, giving very good results,

many steel makers, however, are of the opinion that

it would be an advantage if a furnace could allow su-

perheating the slag for refining purposes, but at the

same time enable the metallurgist to so regulate the

heat of the charge that gases could be expelled without

difficulty. At the same time, the perfect circulation

of the bath should be maintained so as to secure a

perfectly uniform material.

A new furnace on these lines, which the inventors

call the "Paragon"' furnace, has been designed and

protected by patents, which appears to possess points

in its favor. As is shown in Figs. i. 2 and 3. this fur-

nace is a combination of an arc and a resistance fur-

nace, which makes it very much like an open hearth

furnace, and it may indeed be worked exactly in the

same manner. The slag blanket is kept at the de-

sired temperature by means of arcs playing over the

surface of the slag, while the remainder of the heat-

ing power is transmitted to the bath by means of ter-

minal plates, such as are used in the Rochling-Roden-

hauser furnace.

The result of this combination is that the slag mav
be lieated to any desired temperature while dephos-

phorization and desulphurization take place, but the

heating effect of the arcs need not be increased to such

an extent as to keep the whole charge superheated,

which, of course, would tend to overheat the steel im-

From the Iron and Coal Trades Review. London, England.
tOf the Grondal Kjellin Co., London, England.

mediately beneath the arcs, but a carefully regulated

amount of current can be sent at the same time through

the resistance plates, thus also heating the charge from

underneath.

\\^hen the dephosphorization and desulphurization

are finished, it may be desirable to alter the gradient

of heat in the furnace, so that the lower portion of the

bath is hotter than its surface, in order to expel the

gases more readily. This result is obtained by dimin-

ishing the power transmitted through the arcs and in-

creasing the power transmitted to the side plates. In

fact, it is even possible to extinguish the arcs for a

time and keep the bath liquid by means of the side

plates, which for this purpose are provided with a

cooling device of enforced air. The metallurgist has,

therefore, the power of controlling the gradient of

heat in the bath at will.

This combination has another advantage, viz., that

"c^^^^^g^^^s^^^

Fig. 1—Diagram of the Paragon Electric Furnace.

the electrodes do not require to be of such large section

for a given capacity of furnace as would be the case if

the total amount of power were transmitted by means

of the arcs only, owing to the fact that normally about

50 per cent of the total power is transmitted through

the arcs, while the other 50 per cent is transmitted

through the side plates. The advantages claimed,

therefore, are threefold

:

1. The size of electrodes for a given furnace ca-

pacity is only about half that of an arc furnace, and

consequently with a given electrode section available

the melting capacity of the furnace can be nearly

doubled.

2. Owing to the destructive effect of large arcs

immediately under the roof of the furnace, the roof

verv quicklv deteriorates, but in the case of this new

furnace the roof is not subjected to such severe strain,

owing to the reduced size of the electrodes and to the
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smaller amount of i)o\vcr transmitted through the arcs
;

therefore, the maintenance of the furnace costs less,

and the roof lasts longer.

3. The control of the load factor of the furnace is

better, because the current flowing tlirough the re-

sistance plates is a ]ierfcctly steady one, whereby the

Fig. 2—Section of Furnace.

heavy current fluctuations otherwise caused by large

arcs is very extensively compensated.

The result of this is that no special machinery is re-

quired either for compensating for the lower power

factor of a true induction furnace or designed with a

large fly wheel effect, as in the case of a simple arc

furnace, on account O'f its fluctuating load factor.

Fig. 3— Horizontal Section of Furnace.

Standard machinery and standard transformers only

appear to be necessary, which, of course, decreases the

first outlay for the plant, and under the circumstances

may prove to be almost a deciding influence.

The power consumption per ton of steel should also

prove more economical by means of this combination,

as the high temperature (if the steel is only required

during desulphurization, it being well known that de-

phosphorization does not require such a hot slag as de-

sulphurization, and it follows as a logical sequence that

the higher the temperature of the steel for any length

i>f time, the greater also the heat losses during the

jjrocess ; in view of this, the total melting and refining

process should be more economical with this combina-

tion. It therefore appears that this type of furnace in-

cludes several of the advantages of the induction fur-

nace, viz., a good circulation of the charge, inasmuch

as it is heated from below as well as from above, and
a high load factor.

No electrical apparatus, in the ordinary sense of

the word, seems to be an element of the design of this

furnace, because the power supply transformers mav
be situated in an adjoining building protected from
dust and injury, and entirely beyond the reach of the

workmen. The low-voltage current onlv requires to

be transmitted to the furnace by means of insulated

busbars and cables, which is easily arranged.

The regulation appears to be simple, as if the fur-

nace is operated direct from a generator, the field rheo-

stat controlling the current to the generator is all that

is required; or, if transformers are used in connection

with an existing power supply, so-called regulating

transformers with interchangeable terminal steps are

employed. In fact, comparatively little regulation in

this respect should be found necessary, because the cur-

rent in the arcs ought to be easily regulated by altering

the length of the arcs, while the current in the resist-

ance plates is more or less automaticalK- regulated by

the condition of the charge.

The Stavanger Electro-Staalverk Co. is being organ-

ized in Norway, with a capital of $120,600, to estab-

lish a ])lant for making high-grade steel electrically,

using a process similar to that now used in Dom-
marfvet, Sweden, and elsewhere. The new company

plans to take over the plant of the Stavanger Skibs-

( )phugnings Co., and continue purchasing and break-

ing up old steel and iron vessels. The company will

also secure raw materials from other sources and in-

stall mcidern machinery for making fine quality steel.

The new plant is being located at the nearby village of

Jiirpeland, where electric power has been secured at

$6.70 per horsepower per year fur the first 1,500 hp.

and $5.35 for 1,000 more horsepower delivered at the

power shaft ; 10,000 horsei^ower will be available to the

conqiany when needed. It is announced that the plant

will be completed by .\ugust of this year. The full

yearly capacity will be 1,400 tons high-grade steel

billets, 600 tons steel castings, 300 tons hammered steel,

and 700 tons refuse for resmelting. The machinery

and buildings to be constructed will include smeltery,

generatnr, furnace, ovens, crane, and building, cost-

ing about $42,410; steel foundry, compressor, furnace,

saws, pneumatic and other tools, and building, $16,215 •

rolling works, with building, $26,800; forge, with at-

tachnient^. and building. $3,215.
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ELECTROLYTIC IRON.*

By CHARLES F. BURGESS.f

During the past five years investigations have been

carried on in the chemical engineering laboratories of

the University of Wisconsin, dealing with electrolytic

refining of iron and its use in the production of al-

loys. About 3 tons of iron have been refined and over

I,GOO alloys produced and tested. While this experi-

mental work has been on the "test tube" or laboratory

scale, it is believed that some of the results indicate

the feasibility of enlargement to commercial state, and

a short discussion is submitted here bearing on the

question, "Can electrohtic iron he made an industrial

product?"

Many old textbooks on electro-chemistry give de-

scriptions of methods of depositing iron electrolytical-

ly, implying, therefore, that electrolytic iron is not a

new product. The only use suggested, however, is for

facing engraved plates used for printing. By follow-

ing any of these earlier processes it is seen that onl\-

very thin layers of iron can be deposited, the coating-

tending to become dark, rough and powdery. It is to

overcome this limitation that the work at the Univers-

ity of Wisconsin was imdertaken. and that this has

been successful, in a measure, is indicated bv an iron

cathode nearly 2 in. in thickness.

The manner in which electrolytic refining has revo-

lutionized the copper industry is now an old story, and
electrolysis has likewise become an industrial agent in

the metallurg}- of silver, gold and lead. Now, that it

has been found that iron can be refined electrolytically

almost as easily as copper, it is pertinent to inquire

whether there is a field of usefulness for such iron.

This depends upon whether electrolytic iron has su-

perior qualities due to purity or physical condition, and

whether it can be procured at low cost.

From the standpoint of purity it must compete with

some notable metallurgical developments which have

resulted in product such as being made by the Ameri-

can Rolling Alill Co. in a basic open hearth process.

For this material a jnirity of 99.94 per cent is claimed

and justifiably so. as some of our analyses show. The
electric furnace is another factor which is contriJiutintr

largely to the control of the composition and ]3urity of

iron alloys, and the striking possiljilities which :'rr

fered in this developing field cannot be overlooked in

advocating the development of an electrolytic iron

process.

The chief source of commercially pure iron has been

and, perhaps, now is. the high grade Swedish and

Norway iron, used largely as a base material for high

grade crucible steel. The analyses of this material

usually indicate a high purity, though frequently and

erroneously calculated by difference, after determining

carbon, sulphur, silicon, phosphorus and manganese. It

is not uncommon to find oxides and slag to the extent

of 2 per cent in this material, and this impurity un-

doubtedly may have an influence on the resulting al-

loys made from it.

We have found that electrolytic iron can be pro-

duced with a purity as high as 99.97 per cent, and,

perhaps, even better, using extraordinary precautions.

This record has been made by using the best com-

mercial grades of pure iron as anodes. A few hun-

dredths of \ per cent of purity must be sacrificed in

using anodes of mild steel or other less pure materials.

Electrolytic refining offers a means of reducing or

screening out most of the impurities commonly found

in iron and of producing a material not onlv of high

purity, but of great uniformity. Even though it may
be shown eventually that electrolytic iron may not have

a higher purity than that attainable by other methods,

the uniformity of its composition should make it a

valuable material as a means of eliminating manv of

the variables with which the crucible steel maker has

to contend.

Using an electrolyte containing 40 g. of iron per

liter in the form of ferrous sulphate, together with 40

g. of ammonium chloride, it has been found possible

to conduct a continuous refining operation for many
months at a current density of 6 to 10 amperes per

square foot of cathode surface, and at a potential dif-

ference of about I volt. The current efficiency is very

close to 100 per cent, as it is in copper refining.

This leads to the calculation that i kw.-h. will re-

fine 2 lbs. of iron ; or a cost for power of yi ct. per

pound is attainable. The costs for labor, solution

maintenance and fixed charges are estimated to be not

greater than the power costs, making a cost of refining

of about $20 per ton. Assuming the anode material

to be a mild steel costing $35 per ton, the cost of elec-

trolytic iron would be in the neighborhood of $55.

These approximate calculations indicate that this mate-

rial might well compete in price with high grade

Swedish iron.

Among the properties of electrolytic iron which may
give it some added usefulness is its content of hydro-

gen and the brittleness which results from this oc-

cluded gas. This hydrogen may be of some service in

reducing oxides in a melt. The brittleness of the elec-

trolytic iron before the hydrogen is driven off makes it

easv to break it up into pieces suitable for introduction

into the steel crucibles.

•Paper read before the Chicago Section of tlie American
Electrochemical Society, Jan. 20, 1911.

tProfessor of chemical engineering University of Wisconsin.

The United States consul at Bergen, Norway, re-

ports that much progress is being made in that country

in the smelting of iron ore by electricity. The new
electric smelting works at Odda, Hardanger, recently

started, will be greatly enlarged early this year; a new

electric smelting factory with a capital of $268,000 will

soon be in operation at Tinfoss ; and sufficient capital

has already been subscribed to insure the building of a

third factory at Jorpeland, near Stavanger.
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NOTES AND COMMENTS.

Laboratory Efficiency.

Tiie technical as well as the public press has been

filled recently with descriptions of and comments on

the work of Mr. Taylor and his associates in pointing

out the waste of time and energy in many of the trades

and professions and giving his methods for eliminat-

ing this waste. It seems to the writer that such meth-

ods of investigation applied to work in the chemical

laboratory would yield very beneficial results. Any
one who has observed such operations as the transfer

of precipitates from beakers to filter paper, the filtra-

tion of said solutions, with washing and final ignition

of precipitate, realizes the immense amount of time

often wasted in performing these operations which

in many cases are fundamental for chemical analysis.

The writer will only venture to suggest some of the

points which have occurred to him by which time can

be saved and will leave to the individual chemist the

application of these suggestions.

The use of the rubber finger cot instead of the

customary policeman will be found a great aid in

removing an adhering precipitate from a beaker.

Much time can be saved in filtration by the proper

selection of the filter paper to meet the demands of

the precipitate to be obtained. Thus use rapid paper

for all precipitates not readily passing through and

use the slower paper only when absolutely neces-

sary. It is further suggested that a great saving of

time can be made in filtering through any paper by

properly fitting the moistened paper to the funnel,

noting the flow of water through the paper. If the

water does not pass through with sufficient rapidity

it is cheaper to discard this paper and emplov another

one.

The customary method of washing a precipitate,

using a wash bottle can be greatly improved by using

a water supply located above the work table and

connected to the washing tip by a piece of pure gum
tubing of sufficient length to reach all of the precipi-

tates to be washed.

The ignition of precipitates is a, subject which will

well repay some study. As an example the writer has

often seen laboratory workers ignite carbonaceous ma-

terials over a gas flame where the gases of combustion

completely surround the crucible containing the ma-

terial. The suggestion that combustion requires not

only initial heating but also oxygen is here quite in

order. It is certain that much time on this operation

can be saved by the proper use of such appliances as

the Hempel furnace or a gas or electrically heated

midfl'e.

The writer is sure that there are many other places

where time can be saved other than those here enumer-

ated. We will be very glad to publish at any time

notes from our readers covering such mechanical ap-

pliances in use in their laboratories which are time

savers or any methods of procedure in analytical work

which are iinprovements on customary practice.

The Diamond Match Company Relinquishes Patents.

The action of the Diamond Match Company in re-

turning their patent papers covering the use of phos-

phorous pcnta-sulphide in the manufacture of matches

has recently been commented on very favorably. The

way is thus opened for the passage of a bill now be-

fore Congress prohibiting the use of white phosphorus

in match manufacture. The Outlook in a recent issue

comments as follows on their action.

"The great corporations of this country have been

subjected, often justly, sometimes unjustly, to severe

criticism; it is all the more grateful, from time to time,

to record instances of unselfish and humane action by

such corporations. \ notable instance of this has just

occurred. The Diamond IMatch Company, which, we
understand, is the largest manufacturer in the United

States in this particular industry, has, of its own ac-

cord, abandoned legal patents which enable it exclus-

ively to manufacture a kind of match the making of

which is not an injury to the employe. To understand

this matter, it should be known that there have been

two kinds of phosphorus used in the making of

matches. One is harmless : the other is a poison. A
bulletin of the Bureau of Labor gives a really heart-

rending account of the evils of white-phosphorus pois-
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oning. In Great Britain and in other countries the

subject was thoroughly investigated years ago ; in the

year 1899 alone there were reported in Great Britain

one hundred and two cases of phosphorus poisoning,

nineteen of which were known to have terminated

fatally. The common term for the unique malady

which afflicts men and women engaged in match man-

ufacture is 'phossy jaw' ; the scientific term is phos-

phorus necrosis. It is a peculiarly horrible and dis-

tressing disease. Other countries have protected their

workmen against this danger, and it is earnestly to be

hoped that the United States, by prohibiting the use

of white phosphorus (as was recommended by Presi-

dent Taft in his last annual message, and as is pro-

posed in a bill now before Congress), may make this

loathsome disease a thing of the past. In the mean-

time the action of the Diamond Match Company, even

although it may be in some measure dictated by en-

lightened self-interest, is, nevertheless, unselfish and

to be praised cordially. The Company held a patent

under which an acceptable substitute for the kind of

match in which white phosphorus is used could be

made. The Company at first assigned the patent to

three trustees, empowered to grant licenses to all who

wished practical use of it on fair and reasonable

terms. The names of these trustees—Professor Selig-

man, of Columbia : Mr. Neill. the United States Com-

missioner of Labor ; and Mr. Ralston, counsel for the

American Federation of Labor—were a guarantee of

fair dealing. But later, as this course endangered the

bill before Congress, because Congress thought it

ought not to compel the use of a privately owned pat-

ent (which would follow if the use of white phos-

phorus was forbidden and the patent for the other

method was retained by the Company even nominally),

the Company formally renounced the ownership of the

patent and dedicated it to the free use of the people of

the United States. Thus the way is made clear for

humane legislation by Congress."'

RECENT PATENTS.

The following patents relating to industrial and engineer-

ing chemistry are reported by C. L. Parker, solicitor of

patents, McGill Building. Washington, D. C.

:

974.131. (Gelatin Composition.) Eduard Fr. Felsing,

Munich, Germany, assignor to Maria Wilhelmine Felsing.

Patented Nov. 1, 1910.

974,134. {Tire Heating Compound.) Henry S. Grisvvold.

Phoenix, .\rizona. Patented Nov. 1, 1910.

974.138. (Method of Facilitating and Accelerating the

Hardening of Hydraulic Cements.) Ludwig Hatschek, Vock-

labruck, Austria-Hungary. Patented Nov. 1, 1910.

974,182. (Process for Obtaining Oleiin or Saturated Acids.)

Isaac King Phelps, New Haven, Conn. Patented Nov. 1,

1910.

974,257. (Metal Reducing Process.) Frederick W. Gordon,

Philadelphia, Pa. Patented Nov. 1, 1910.

974,285. (Cellulose for Pyroxylin Compound.) Paul H. A.

Leder, Baltimore, Md., assignor of one-fourth to Alexander

E. Hanline, and one-fourth to Ernest E. Quandt, Baltimore,

Md.
The process comprises dissolving cellulose of pyroxlyn in

acetone and adding sulfur dissolved in chloroform and evapo-

rating to dryness at normal temperature. Patented Nov. 1,

1910.

974,419. (Process of Making Copper Alloys and the Product

Thereof.) James Naulty and John Scanlin, Philadelphia, Pa.

Patented Nov. 1, 1910.

974,440. (Process for the Destruction of Hairs and Other

Extraneous Matter in Floss and Waste Silk.) Claudius

Seignol, Lyon, France. Patented Nov. 1, 1910.

974,608. (Process for Smelting Ore.) Frederick T.

Snyder, Oak Park, 111., assignor to Electric Metals Co.,

Chicago, 111.

This is a process of making steel which consists in smelting

iron ore with a minimum of carbon in an electric furnace

having a refractory crucible surmounted by water jacketed

walls and electrodes surrounded by material adapted to flux

the earthy constituents of the ore, whereby steel low in car-

bon may be produced and collected out of contact with carbon,

and the walls of the furnace saved from corrosion in the ab-

sence of a carbon lining. Patented Nov. 1, 1910.

974,033. (Process of Making Ammonia, Alkyl Ammonia, or

Ammonia Bases.) Henry Spencer Blackmore, Mount Vernon,

N. Y., assignor to Robert E. Robinson and Daniel C.

Spruance, trustees. New York City, N. Y. Patented Nov. 1.

1910.

974,822. (Method of Treating Manganese Steel.) Winfield

S. Potter, New York, N. Y. Patented Nov. 8, 1910. This is

a method of treating manganese steel previously strengthened

and toughened, which consists in reheating such metal to the

temperature not above 550° C, then working the metal into

its finished form, and finally cooling it.

974,836. (Typewriting Machine.) Arthur W. Smith, New
York, assignor to Yost Writing Machine Co., Ilion, New York,

a corporation of New York. Patented Nov. 8, 1910.

974,900. (E.rplosive Compound.) Hudson Maxim, New
York, N. Y. Patented Nov. 8, 1910. The explosive consists

of a gelatinated mi.xture of pyro-nitro-cellulose and tri-nitra-

nisol.

974,921. (Process of Making Barium O.rid.) Charles

Rollin, Newcastle-upon-Tyne, England, assignor to himself

and Hedworth Barium Company, Limited, Newcastle-upon-

Tyne, England. Patented Nov. 8, 1910.

974,962. (Method of Preserving Wood.) George Hartmann

and Oscar Alwin Schwerdtner, Gross Schonau, near Zittau,

Germany. The method consists in applying thereto a solu-

tion of sodium zincate and sodium chlorid. Patented Nov. 8,

1910.

974,993. (Process of Making Anhydrous Barium Hydroxid.)

Charles Rollin, Newcastle-upon-Tyne, England, assignor to

himself and Hetworth Barium Company, Limited, Newcastle-

upon-Tyne, England. Patented Nov. 8, 1910.

975,040. (Process for Removing Oxygen from Vessels.)

Robert Hopfelt. Cologne-Klettenberg, Germany. Patented

Nov. 8, 1910.

975,076. (Process of Carbonizing.) Albert F. Rockwell,

Bristol, Conn., assignor to the New Departure Mfg. Co.,

Bristol, Conn., a corporation of Connecticut. Patented Nov. 8,

1910.

975,106. (Process of Extracting Copper from Ore.) Wm.
L. Austin, Riverside, Cal. Patented Nov. 8, 1910.

975,148. (Process for Recovering Antimony from Ores and

the Like.) John Roy Masson, Melbourne, Victoria, Austra-

lia. This is a process for recovering antimony consisting in

subjecting the material to an alkali solution and then precipi-

tating the antimony on aluminum. Patented Nov. 8, 1910.

975,151. (Formic Acid.) Max Neumann, Wiesbaden. Ger-

many, assignor to General Chemical Company, New York,

N. Y., a corporation of New York. Patented Nov. 8, 1910.

975,217. (Treatment of Zinc Ores by the Precipitation

Process.) Adolph Desgraz, Hanover, Germany, assignor to

Imbert Process Company, New York, N. Y., a corporation of

New York. Patented Nov. 8, 1910.
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975,353. (Stable Mixture for Producing Hydrogen
Peroxide.) Rcinhold Gruter and Heinrich Pohl, Charlotten-

burg, Germany, assignor to Cheinische Werke vorm. Dr.

Heinrich Byk, Charlottenburg, Germany, a corporation of

Germany. This is a mixture of perborates containing a less

quantity of water of crystallization than completely hydrated

perborates. soHd acid substances and sugar. Patent Nov. 8.

1910.

975,370. (Process of Preparing Manganese-Steel Ingots for

Rolling.) VVinfield S. Potter. New York. N. Y. Patented

Nov. 8, 1910.

975,387. (Method of Treating Bagasse.) Thomas J.

Hutchinson, Manchester, England. Patented Nov. 8, 1910.

975,394. (Liquid Jl'a.r Finish.) Joseph D. Bryant, Colum-

bus, Ohio. Patented Nov. 15, 1910.

975,447. (Process for Emulsifying Oils, Fats, and the Like.)

.-Vrmand Mueller-Jacobs, Huntington, and Reinhard C. F. A.

C. Bernhardi, New York, N. Y., assignor to the Arabol Mfg.

Co., a corporation of New York. Patented Nov. 15, 1910.

975,625. (Process of Extracting Iron from Its Ores.)

Stephen G. Martin, Chicago, 111., assignor of one-third to Wm.
O. Bartholomew, St. Louis, Mo., and one-third to Edward
Schaaf, St. Marys, Mo. This is a process of smelting ores

which consists in subjecting a mixture of fluxed ores to the

action of heat and a gaseous medium consisting of pure air

and nitrogen peroxide. Patented Nov. 15, 1910.

975,835. (Process of Elcctrolytically Treating Tannic In-

fusions of Plants.) Hermann Damkohler and Hugo Schwindt,

Bremen, Germany. This is a process of treating tannic infu-

sions of plants, such, for example, as the bark of the man-

grove, which consists in subjecting the said infusions to the

electrolysis within a cell, in which the tannic infusion forms

a bath for cathode which is separated from the anode by

a porous partition wall, and in which the baths for the elec-

trodes contain solutions of metal salts, the metals of which

arc those of the electrodes. Patented Nov. 15, 1910.

975.866. {Formic Acid.) Henry Howard. Boston. Mass.

Patented Nov. 15, 1910.

975.867. (Process of Manufacturing Sublimed White Lead.)

Louis S. Hughes, Joplin, IMo., assignor to Picher Lead Co.,

Joplin, Mo., a corporation of Missouri. Patented Nov. 15,

1910.

975,980. {Alkaline Battery.) Wm. Morrison, Des Moines,

la. Patented Nov. 15, 1910.

976,036. (Method of Unhairing or Tanning Hides and

^kins.) George D. Burton. Boston, Mass. Patented Nov. 15.

1910. This is a method of treating hides or skins by elec-

tricity, which consists in first placing the hides or skins in a

solution of sal soda, then passing an electric current through

this solution and causing the development of a gas which acts

upon the fat or oil globules of the hides or skins and causes

them to open and discharge their contents in this solution.

976,044. (Treatment of Precious Metalliferous Ores.) John
Collins Clancy, New York, N. Y. Patented Nov. 15, 1910.

976,166. (Stationery Box.) Wm. A. Gray, Newark, N. J.

Patented Nov. 22, 1910.

976,319. (Protective Coating for Carbon Bodies.) Her-
mann Viertel. Lichtenburg, near Berlin, and Geo. Egly. Trep-
tow, near Berlin, Germany, assignor to Gcbrucder. Siemens &
Co., Lichtenburg, near Germany. Patented Nov. 22. 1910.

976,3-37. (Method of Preparing Pigments.) Frederick M.
Beckett, Niagara Falls, N. Y., assignor to Electro Metallurgi-

cal Co., New York. N. Y., a corporation of New York. Pat-

ented Nov. 22, 1910.

976,456. (Method of Uniting Metals.) Wm. G. Grey and
Wm. Griffith, Pittsburg, Pa. This is a method of uniting

metals, such as iron or steel, with copper, brass, bronze,

aluminum, or other metal of alloy, which consists in first

cleaning the harder metal, subjecting it to a solution of me-
tallic salt and alum, and then applying in molten form the

body of softer metal. Patented Nov. 22, 1910.

976,520. (Process of Making Waterproof Portland Cem-
ent and Product.) Maximilion Toch, New York, N. Y., as-

signor of one-half to Henry Toch, New York, N. Y. Pat-

ented Nov. 22, 1910.

976,525. (Treating Sulphides or Sulphates.) Utley Wedge,
.'\rdmore. Pa., assignor to the Furnace fatent Co., Philadel-

phia, Pa., a corporation of Pennsylvania. Patented Nov. 22,

1910.

976,557. (Process of Producing Metallic Zinc.) Oliver D.

Dawson, El Paso, Texas. Patented Nov. 22, 1910.

976.602. (Art of Brewing Beer and Other Liquors.) Frank
Rogerson, Stratham, England, assignor to Ozonair, Limited,

London, England. Patented Nov. 22, 1910.

976,760. (Pyrophoric Mass.) Carl Auer Von Welsbach,
Vienna, Austria-Hungary, assignor to the firm of Treibacher

Chemische Werke Gesellschaft m. b. H. Treibach, Austria-

Hungary. Patented Nov. 22, 1910.

976,793. (Fertilicer.) C. Ellis, Larchmont, New York, N.
Y. Patented Nov. 22, 1910.

976,975. (Spring-Attaching Clip.) Leonard A. Young,
Detroit, Mich. Patented Nov. 29, 1910.

976,977. (Process for Obtaining Silk Fabnon.) Carl Ro-
dolf Bauman, Gavirate, Italy, and Gottlieb Gottfried Diesser,

Zurich, Switzerland. Patented Nov. 29, 1910.

976,996. (Process of Manufacturing Refractory Material.)

Geo. Cannan Fludder, Geo. Eric Fludder and Albert Wm.
Fludder. Arlesford, Colchester, Eng. Patented Nov. 29, 1910.

977,000. (Process for the Production of Carbon-Black, To-
gether with Combustible Gas.) Warren H. Frost and Joshua

J. Nix, Los Angeles, Cal., said Nix assignor to said Frost.

This is a process of producing carbon-black, together with
combustible gas, which consists in producing a condition of

suction in a combustion chamber, continuously supplying

petroleum to said chamber, admitting a restricted quantity of

air to said chamber to cause partial combustion of the pe-

troleum, the condition of suction in the chamber being such
that the resulting temperature is sufficiently high to substan-

tially break up the tarry matter and cause the unconsumed
petroleum to be decomposed substantially into combustion
gas and free carbon, drawing the combustible gas to main-
tain the condition of suction in the combustion chamber, and
delivering such combustion gas. Patented Nov. 29, 1910.

977.076. (Explosive.) Maurice Delvigne. Namur. Belgium.

Patented Nov. 29, 1910.

977,442. (Composition of Matter for and Method of Gen-
crating Hydrogen.) Hans Foersterling and Herbert Philipp,

Perth Amboy, N. J., assignors to the Roessler & Hasslecher
Chemical Co.. a corporation of New York. Patented Dec. 6,

1910.

977,465. (Process of Treating Cassava and Producing Al-

cohol Therefrom.) Charles C. Moore, Jr., Lexington, Ky.,

assignor to the Tropical Products Co., Washington, D. C, a

corporation of West Virginia. Patented Dec. 6, 1910. .

977.545. (Explosiz-c.) Gershom Moore Peters, Cincinnati,

and Milton Fletcher Lindsey, Kings Mills, Ohio, assignor to

the Kink Power Co., Cincinnati, Ohio, a corporation of Ohio.

Renewed Oct. 20, 1910. Patented Dec. 0. 1910.

977.603. (Process of Brewing Beer of Low .\lcoholic Con-
tents.) Henry E. Deckebach. Cincinnati. Ohio. Patented

Dec. 6, 1910.

977,681. (Manufacture of Artificial Stone from Slag.) Wil-
hem Schumacher, Osnabruck. Germanv. Patented Dec. 6,

1910.

977,984. (Graphite Article and Method of Making the

Same.) Frank J. Tone, Niagara Falls. N. Y. Patented Dec.

6. 1910,

977.992. (Process for the Recovery of the Paraffine In-

gredients from Cannel Coals and Other Similarly Consti-

tuted Bituminous Materials Without Change in Their Chemi-

cal Composition.) Henry Wurtz. Newark, N. J., assignor to

American Chemical Eduction Co., a corporation. Patented

Dec. 6. 1910.
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977.900. (.Method of Smelting and Refining Copper Ores

and Compounds.) Ralph Bagley, Pittsburg, Pa. The method

consists in the following steps: Dissolving or melting ores

that contain within themselves oxidizable elements, by sub-

merging in a molten bath of matte and by the heat of oxida-

tion produced by forcing air through the same, and eliminat-

ing the silicia, alumina and lime; then separating the slag

from the low grade matte; then transferring the matte into

a converter, oxidizing it therein, adding value bearing silicious

ore, and forming thereby silicate of iron slags, and then

eliminating residual oxidizable impurities by forcing air into

the bath. Patented Dec. 6, 1910.

978,138. (Printing Paste.) Joseph Deinet, Elberfield, Ger-

many, assignor to Farbanfabriken vorm. Friedr. Bayer & Co.,

Elberfield, Germany, a corporation of Germany. Patented

Dec. 13, 1910.

978,142. (Disinfeeting Compound.) Wilhem Dreyfus, New
York, N. Y. Patented Dec. 13, 1910.

978,198. (Process of Making Fertiliser.) Spencer B. New-

berry, Sandusk-y, Ohio, assignor of one-half to Geo. R. Fish-

bume, Charleston, S. C.

This is a process of conversion of insoluble phosphate of

lime into citrate soluble form by calcination with an amount

of lime approximately equal to the phosphoric acid, and an

amount of sodium carbonate approximately equal to one-half

the phosphoric acid, contained in the phosphate treated. Pat-

ented Dec. 13, 1910.

978,211. (Art of Extracting Metals Elcctrolytically.)

James Hart Robertson, New York, N. Y. Patented Dec. 13,

1910.

978,239. (Silver Cleaning and Polishing Paste.) George

Uhl and Wilhelm Schmidt, New York, N. Y. Patented Dec.

13, 1910.

978,282. (Process of Fermentation for Use in Manufacture

of Yeast and Spirit.) Desider Foster and Philip Finitzer,

Budapest, Austria-Hungary. Patented Dec. 13, 1910.

978,443. (Method of Treating Glycerine.) Samuel Henry

Fleming, Camden, N. J., assignor to E. I. Du Pont de

Nemours Powder Co., Wilmington, Del., a corporation of

New Jersey.

This is a process of polymerizing or condensing glycerine,

which consists in subjecting glycerine admixed with a con-

densing reagent to heat when under a pressure less than at-

mospheric. Patented Dec. 13, 1910.

978,679. (Carborundum Abrasive Article.) Frank J. Tone,

Niagara Falls, N. Y., assignor to the Carborundum Company,

Niagara Falls, N. Y., a corporation of Pennsylvania. Pat-

ented Dec. 13, 1910.

978,696. (Process for Separating Rubber or Rubber-Like

Substances and Resin from Materials Containing the Same.)

Leon Henri Chaunt, Aubervillers, France, assignor by mesne

assignments to Asia Rubber Company of America, a cor-

poration of Maine. Patented Dec. 13, 1910.

978,747. (Abrasive Article.) Francis W. Higgins, Niagara

Falls, N. Y., assignor to the Carborundum Company of

Niagara Falls, N. Y., a corporation of Pennsylvania. Pat-

ented Dec. 13, 1910.

978,814. (Process of Embalming.) Carl J. Barnes, Chi-

cago, 111. Patented Dec. 13, 1910.

978,848. (Method of Making Portland Cement.) Joseph

Maxwell Carrere, Allentown, Pa., assignor to Blanc Stainless

Cement Co., Allentown, Pa., a corporation of New Jersey.

The method consists in subjecting to a relatively low and

gradually increasing heat a mix comprising limestone clay

rich in alkalies, driving off substantially all the carbonic acid

gas and a portion of the alkalies, thereafter subjecting the

mix to a higher and clinkering heat produced by a short in-

tense singeing flame and discharging the resulting clinker

substantially as soon as formed, the gradual heating being due

to the passage of products of combustion of the short lame

through the upper part of the kiln.

AUTOMATIC

WATER
STILL

A serviceable gas distil-

ling apparatus.

Capacity 1-2 to 9-10

gallons per hour.

Cost per gallon 2.5 to

3 cents.

The Booth Apparatus Co.

Dillaye Building

Syracuse, New York
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THE BASIS OF QUALITY IN PAPER.*

By ARTHUR D. LITTLE.f

Tlie Germans long ago, after extended investigation,

established and have since developed and maintained

under government regulations, a system of classifica-

tion of papers based on their composition and physical

properties. This classification or definition of co-called

"Normal Papers" has since attained a considerable ac-

ceptance in countries other than Germany and has

come to be regarded as constituting a series of stan-

dards of quality in paper. Valuable as this system of

classification has proved itself to be to both users and

makers of paper, and indispensable as the refined and

accurate testing methods which it involves have be-

come for the intelligent selection of papers, it remains

true, nevertheless, that, taken by itself, or as applied

to any particular papers without reference to their in-

tended use, it is without significance as to quality.

There is, in a word, no such thing as a general basis for

quality in paper, and no other possible basis for quality

in case of any particular paper than its suitability for

its intended use. Good writing paper is bad blotting

;

good news print is poor wrapping
;
good book paper is

an impossible cigarette paper ; and so on. In no case

can the properties of good paper be defined until the

specific use for which the paper is intended has been

stated or assumed. The properties which confer high

quality upon a paper intended for one purpose are pre-

cisely those which condemn it for another. Stretch is

a desirable property for a bag paper, it may be fatally

objectionable in paper for lithography ; opacity is a

principal element in determining the quality of bible

paper, transparency is equally important in pergamyn

and glassine papers. Certain grades of book papers

base their claims to quality mainly upon the extent to

which they bulk for weight ; the buyer of wrapping

paper should consider, on the other hand, area for

weight in determining quality.

Keeping clearly in mind, then, the conclusion that the

basis of quality in paper must always be found in the

relation of the properties of particular papers to the

intended purpose of these papers, let us consider the

more important properties of the material and their re-

lation to particular uses.

•Professional paper No. 4 of the contributions to Engineering
Chemistry by the members of the staff of Arthur D. Little, Inc.,
Chemists and Engineers.

tOfflclal Chemist, American Paper and Pulp Association

In case of a thing so apparently simple in its make-

up as a sheet of paper, an extraordinary number of

factors are involved in any consideration of its quality.

Many of these factors are elusive, in the sense of evad-

ing exact definition or determination, but they are none

the less important, or even at times decisive, on that

account. Such, for example, are permanency, feel,

texture, finish, rattle, tear, formation, fastness of color,

distinctness and artistic quality of water-marking, dirt,

softness, hardness, hairiness, or "whiskers," distinctive

appearance, "color" of white papers, printing quality

and ability to withstand erasure. .\s to most of these

properties reliance must be placed upon expert judg-

ment and comparison with standard or accepted sam-

ples of generally similar papers. Permanency, how-

ever, is large!}- a function of composition, and the com-

position of a paper can be determined with a consider-

able degree of accuracy. No paper, therefore, which is

intended for permanent records should contain ground

wood, unbleached fiber of any kind, acid, sulphur,

soluble chlorides, or more than a moderate amount of

ash. Preferably, it should be free from resin, and in

the absence of conclusive proof of the permanent char-

acter of papers made from well prepared chemical

wood fibers, preference should be given to all rag

papers. Since over-bleaching hastens the deterioration

of fibers, extreme whiteness is undesirable in the sheet.

In case of papers for ephemeral uses, permanency

has, of course, little bearing upon quality. For print-

ing upon fast perfecting presses, newspaper is better

paper because of the large proportion of ground wood
it contains, and to which it owes in great measure its

special printing quality.

Fastness of color, while not permitting of exact

quantitative determination, can, nevertheless, be tested

experimentally with sufificient accuracy for most pur-

poses, while very definite conclusions may often be

drawn from the known degree of fastness of the dyes

or pigmnts from which the paper derives its color.

Fastness of color is of comparatively little importance

as affecting the quality of papers intended to serve a

temporary purpose. It becomes of prime importance

in wall papers, etching, photgraph mounts, plate papers,

map and fine book paper. Similarly uniformity of

color has slight influence on the quality of small lots of

paper, especially if these are to be used as single

sheets. It does bear directly upon the quality of paper

for serial publications which are to be bound together.

With the invention of the Ives Colorimeter the color of
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paper has fortunately become a property permitting of

exact measurement and definition.

For almost all purposes the presence of a noticeable

amount of dirt is regarded as detrimental to the qual-

ity of paper. It not only detracts from the appearance

of the paper, but its presence may be indicative of the

use of inferior or carelessly prepared material. In

some few cases, as vyith wrappers made from screen-

ings, the dirt may be so considerable in amount, and so

uniformly distributed as to become an integral and

characteristic part of the paper, while as with certain

Japanese papers dirt in the form of unreduced bark or

vegetable tissue may be so disposed within the sheet

as to actually enhance its quality from the artistic

standpoint. While it is not easy to give numerical ex-

pression to the amount of dirt present in a sheet, the

exjjerienced paper maker or paper buyer has no diffi-

culty in making close comparisons in this regard. It is

by no means so easy to estimate exactly the bearing of

relative amounts of dirt upon quality.

Fortunately, what may be called the fundamental

properties of paper permit in nearly every case of exact

measurement and numerical statement. These funda-

mental properties are thickness, weight per unit area,

resistance to bursting strain, tensile strength in differ-

ent directions, stretch, ability to resist wear, tendency

to absorb ink or water, opacity. Furthermore, these

properties are largely determined by the composition of

the paper, and the care and skill with which its ma-

terial has been prepared and manipulated during manu-

facture. Fortunately, again the composition can be ac-

curately determined by chemical and microscopical ex-

amination while at the same time many direct and im-

portant inferences may be drawn from these examina-

tions as to the course and nature of the processes of

manufacture.

Of all the fundamental properties, thickness is per-

haps most easily determined. Differences of a few

ten-thousandths of an inch are instantly detected by

trained fingers, and the exact measurement of thick-

ness to ten-thousandths of an inch is easily made b>'

means of several forms of micrometer emploved in

paper testing. Thickness bears directly upon quality

in case of most papers, but the way in which it bears

is determined always by the purpose for which the

paper is intended. Bible papers, onion skin, kraft.

pergamyn, condenser paper, tissues generally, and

many other special sorts gain in quality, as represented

by money value, witii decrease of thickness, partly

because of increased difficulty and cost of manufac-

ture, but principally because they better meet the ne-

cessities of the customer. Other things being equal, a

manifold paper which permits the making of ten copies

is obviously a better paper for its purpose than one

which cannot be used for more than five. The quality

and value of the paper used for building up electrical

condensers is enormously influenced by the relative

thinness of the paper, since the efficiency of the con-

denser depends largely upon the closeness with which

the tin foil plates are brought together ; but while

thinness is thus important, quality in this case is finally

determined by absence of pin holes, the presence of

which entirely destroys the value of the paper for its

purpose.

Weight per unit area is a quality factor of varying

importance, although since paper is sold by the pound

the lighter of two otherwise equally satisfactory papers

is commonly to be preferred. This does not always

hold, however, as in case of paper for conversion into

celluloid. With wrapping papers weight per unit area

becomes of the first importance, and when low and

combined with strength commands the market, as evi-

denced by the rapidly extending popularity of kraft

paper. With cover papers a small increase in weight

may double the cost of mailing pamphlets, while obvi-

ously at equal prices pei* pound the cost of paper for

printing a given number of pages is proportional to

the weight per unit area.

Weight for bulk influences quality for most pur-

poses, and is especially important in connection with

IxDok papers, blottings, matrix papers and box boards.

With book papers, indeed, this factor is often a good

exponent of general quality, since low weight for bulk

implies a minimum of filler, the use of high-grade stock

and skillful treatment in the beater. English book

papers are notable for their bulking property and

moderate weight. \\'here an edition involving a num-

ber of volumes of varying amount of text is to be

made, the bulking property of the paper for the differ-

ent volumes should be in inverse proportion to the

luimber of pages in the volumes in order that the vol-

umes themselves shall run uniform in size. Laid paj>ers

bulk more than wove papers of the same com]X)sition.

and the bulking quality of different fibers varies over a

wide range, esparto making an especially bulky paper.

The use of mineral fillers, prolonged beating, hard

calendering, coating and especially the addition of

barytes to the coating mixture, all tend to make the

paper thin for weight. They are justified only to the

extent to which they may compensate by affecting-

other quality factors favorably.

Strength, whether measured as resistance to bursting-

strain, resistance to direct pull, or determined roughl_\-

by mere tearing, is commonly regarded as one of the

most direct evidences of quality. There is a large

measure of justification for this conclusion since high

strength generally implies good stock, carefully pre-

pared and skillfully manipulated. A certain minmium

of strength, which, however, varies greatly with the

class of paper, is an essential prerequisite of quality

;

while with special sorts of paper, as bag paper, kraft,

paper for rags, twine, cartridge cases, etc.. strength

almost determines quality provided it is not associated

with brittleness which makes the paper weak to sud-

den strain. W^ith envelope papers, strength after fold-

ing is far more important than the strength of the flat

paper. Curiously, rosin sizing reduces strength, and

"wild"' papers are commonly stronger than similar pa-
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pers showing good formation. The ''strength ratio"

affords the most convenient way of reporting strength

of papers. It is the quotient obtained by dividing the

.strength in pounds as determined by the Mullen tester,

by the thickness in ten-thousandths of an inch. A
paper 35-10,000 thick which tested 35 lbs. would,

therefore, have a strength ratio of i.o. The strongest

commercial papers seldom or never show a strength

ratio higher than 2.0, although we have recently pre-

pared samples by special methods with the extraordi-

narily high ratio of 3.8.

The stretch of paper commonly ranges from i to 4

per cent. The amount of stretch shown by the paper

affects quality favorably or otherwise according to the

requirements of use. A large proportionate stretch

improves the quality of bag papers, cartridge paper,

drawing, matrix and paper for twine, artificial leather

and embossing. It is very objectionable in lithograph,

coated and many printing papers requiring close reg-

ister, as also in paper for music rolls for mechanical

organ and piano players.

In this country, up to the present time little or no at-

tention has been paid to what in case of most papers is

one of the most reliable and significant indications of

general quality, namely the ability of the paper to with-

stand wear. Paper for money or for permanent rec-

ords, loose leaf books, maps, school books, works of

reference, blue prints, children's books, wrapping,

card stock for catalog files, folders, and many other

uses, should exhibit this property in the highest de-

gree consistent with other requirements of the specifi-

cation. Although in the past reliable methods and

apparatus have not been available, in the United States

at least, for determining wearing power, there is no

longer any excuse for ignoring this essential element

of quality, the numerical value of which may now be

determined with the utmost accuracy with standard

apparatus.

The capillary power of a paper, or its tendency to ab-

sorb ink or water, may be given sufficiently accurate

expression by simple methods of testing. The bearing

of the results upon quality depends entirely upon the

class of paper tested. With due regard to other fac-

tors, the quality of writing papers rises as the capillary

power falls, the quality of blotting paper is almost

wholly determined by its capillary power ; matrix pa-

pers and papers for celluloid manufacture or for con-

version into parchment paper, vulcanized fiber or roof-

ing must have high -capillary power, that of printing

papers should generally be only moderate if the best

results in rapid printing are to be secured.

The determination of opacity is more difficult, al-

though this property is often one upon which the

quality of paper in large part depends as in case of

bible paper, envelope paper, and book papers generally.

A considerable degree of translucency upon the other

hand is a mark of quality in bond papers, while for

other writings opacity commonly suggests quality. In

parchment paper, again, quality pre-supposes trans-

lucency, while pergamyn jiapers of good <iuality must

be almost transparent.

These physical properties of paper which, taken to-

gether, and interpreted with reference to the use for

which the paper is intended, are almost conclusive as

defining quality, are nevertheless themselves largely

functions of composition of the sheet. For this reason

any final estimate of quality must include consideration

of the sorts of fiber jjresent, their condition and pro-

portion, the kind and amount of filler, the proportion

and sorts of size, and the presence or absence of

acitl, bleach residues, and other chemicals likely to

cause deterioration or otherwise impair quality.

Although paper of some sort may be made of almost

any vegetable fiber, the number of fibrous raw mate-

rials economicall}- available for paper making is, in

view of the almost infinite variety of vegetation, sur-

prisingly limited. Cotton, flax, jute, straw, esparto,

hemp and a few woods almost exhaust the list. Never-

theless, not only does each of these fibers impart

definite and often distinctive characteristics to the

sheet into the composition of which it enters, but the

range of variation is further enormously increased by

admixture of several fibers, and the chemical and me-

chanical treatment which they have received by way
of preparation. The best stock for any paper is easily

spoiled by careless or improper methods. The stock

that under skillful treatment normally yields a strong,

tough, permanent sheet, may by improper beating or

careless bleaching give only a weak, brittle and short-

lived paper. The degree to which the fiber substance

is hydrated during beating has a profound effect upon

the properties of the paper, as also the manner in

which the fibres themselves have been subdivided. All

this, of course, to the papermaker himself is the mere

A B C of his art, but it is commonly unknown to the

paper consumer or ignored bv him in his estimates of

quality. Quality cannot be predicated upon stock

alone. It is, nevertheless, true that for many papers,

especially those intended for writing and the higher

grades of printing, the properties representative of the

highest quality are not obtainable except through the

use of a large proportion of rag stock. For insulating

papers such as cable paper, however, manila stock is

distinctly better than rag, and, curiously enough, so is

even a lime cooked straw pulp. Where great tough-

ness is desirable, as in tag and certain wrapping pa-

pers, the highest quality is obtainable only through use

of manila and similar bast fibers.

The relation of the wood fibers to quality has been a

matter of controversy since the time of their introduc-

tion. As to ground wood, there is probably now no

question of its unsuitability for practically every use

involving permanency, since exposure for even a few

hours to direct sunlight renders ground-wood papers

weak and brittle. It is particularly undesirable in so-

called manila papers intended for making envelopes,

which, if containing much ground wood, quickly lose

all strength on the fold under the influence of sunlight.
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For wall papers, rather strangely, ground wood does

not seem open to much objection, partly because no

great strength is required of such papers, but prin-

cipallv because the surface coating with size and color

protects the paper beneath. For newsprint paper,

ground wood remains the only possible material in

spite of some minor disadvantages for such use.

Sulphite and soda fiber, if thoroughly well cooked

and carefully bleached, are probably nearly, and per-

haps quite as permanent as rag stock. In fact, the

examination of over 400 samples of paper from the

library of the University of Berlin showed that papers

composed wholly or in large part of chemical wood

fiber gave slightly less evidence of deterioration than

all rag papers. Since the better grades of rag stock

are considerably more expensive than chemical wood

fiber, endow the paper with more wearing power and

better feel and texture, the presence of w^ood fibers is,

in most cases, properly regarded as tending to lower

quality. They are highly objectionable in papers for

making parchment and vulcanized fiber, which should

consist wholly of cotton rag stock.

The number of cases in which mineral filler im-

proves the quality of paper is comparatively limited,

although it is well recognized that for certain uses a

moderate amount of filler reacts favorably upon quali-

ty, by increasing opacity, and improving feel and fin-

ish. Filler invariably, however, lowers strength and

resistance to wear, diminishes bulk for weight and

tends toward brittleness. In many special papers it

is wholly inadmissible.

The number of factors which are concerned with

the quality of paper in its multitudinous applications to

special uses is so great as to prevent consideration or

even enumeration of them all. A paper for wrapping

hardware or a card for mounting silver jewelry may

seem to possess every desirable property, and yet be

worse than useless because of a trace of sulphur. A
printing paper may develop "whiskers" or clog the

type by mineral filler, a coated paper may pick or de-

velop odor, a cigarette paper may burn badly, a writ-

ing paper may allow the ink to spread because the size

has been converted into peptones by over-heating, a

filter paper may fail to hold a fine precipitate or un-

duly retard the passage of liquid, and so on. Enough

has been said to suggest to consumers of paper the

complexity of the problems involved in the determina-

tion of quality, the importance of paper testing, and

the advantages to both maker and consumer of care-

fully considered and intelligently drawn specifications

defining qualitv as a function of intended use.

EXCERPTS FROM ADDRESSES ON CERTAIN
PROBLEMS CONNECTED WITH THE

PRESENT - DAY RELATION BE-

TWEEN CHEMISTRY AND
MANUFACTURE IN

AMERICA.-

Japanese cotton-mill interests are embarking upon

the enterprise of raising cotton in Siam. Considerable

Siamese cotton has been shipped to Japan at times in

recent years and it is said in a general way to equal

Indian cotton. Considerable areas in Siam are said to

he suitable to cotton growing.

ROBERT KEXXEDY DUXC.\X.

The problems to be discussed are in large measure

tlie result of a lack of mutuality between the factory

organizations on the one hand and the universities and

technical institutions on the other. This lack of

mutuality depends primarily upon a lack of under-

standing on the part of factory organizations of the

advantages that are to be derived from the employ-

ment of sensible chemical research, and of a corre-

sponding lack of understanding on the part of institu-

tions of learning of the proper training and type of

men that are requisite for the successful practice of

chemical industrial research in these factories. A
mutual understanding, in America at least, might

speedily lead to co-operation, and co-operation to a

sensibly functioning co-ordination. The American

factories, taking them by and large, and making such

distinguished exceptions as could be numbered on

the fingers of both hands, certainly do not have co-

ordinating relations with the universities, such, for

example, as we find developed in Germany. Further-

more, in so far as industrial research is concerned,

they do not have co-ordinating relations with one

another. There exists no common consciousness

among the corporation officials of this country of the

proper methods of conducting factory research. In

order to show how true this is, permit me to place

before you the results of a preliminary inquiry which

was initiated last spring as to the conduct of factory

bureaus of research

:

There was eventually provided a list of some

seventy-five corporations possessing either bureaus of

research or individual research chemists. From these

corporations there w-ere received some forty-five frank

replies, given on the understanding that each reply

was to be confidential and was to be used only in

a summation of results. The results of this prelim-

inary inquiry are illuminating of the chaotic conditions

that pervade factory research.

It may be interesting to know that in very few in-

stances are contracts made with chemists. In general

the chemist is "hired" by the week or by the month.

Next, as to the salaries, or, as a term which is

more fitting on the whole, "wages."

In most instances wages are paid by the week

:

translated into terms of monthly payment, the young

graduate receives sums ranging from $45 to $100.

This latter statement exemplifies the extraordinary

*From the Journal of Indu.strial and Engineering Chemistry.
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diversity of conduct and the cliaotic conditions that

everywheix' prevail in factory research. So far as

one may strike an average among such qualitatively

different factors, $60 would perhaps be repre-

sentative.

You will probably be surprised to know that there

is practically no mechanism of promotion for chem-

ists such as often obtains in factories for officials.

One corporation does state that "each man is con-

sidered every six months, and if previous work war-

rants the action, he is recommended to the manager

for a raise of salary." Another corporation "is gov-

erned only by results;" still another says that "pro-

motion is entirely for merit ; seniority counts for little

with us.'" One corporation adds one dollar per week

every six months up to a maximum of $40 per week.

An interesting result of this inquiry appears in the

reply to the question : "Do the members of the

bureau sign a contract resigning all rights to any dis-

coveries made while in your employ ?" The prevailing-

answer is "Yes." It is a matter of surprise that con-

tracts embodying resignation to rights of discovery

were so prevalent. In reply to the question as to

whether any additional remuneration was granted to

successful researchers, the prevailing answer was

"no," with an occasional "increased pay." Two cor-

porations speak of "opportunity to acquire stock" or

"a cash present," but there is no instance of royalties

or a share in the profits.

Personal observation for several years leads me to

state that presumably 95 per cent of so-called fac-

tory research is worse than loss, zvorse than loss be-

cause the failure of the individual instance places a

finale on the possibility of that particular factory to

understand the advantage of applied science. The
normal failure that attends factory research is due

to ignorance of the canons of judgment in choosing

chemists, inexperience in dealing with them, and a

generous lack of knowledge of the facilities with

which it is necessary to furnish them—laboratory,

library, and living facilities.

An inquiry recently instituted among the universi-

ties enables me to state that the young men pursuing

the study of chemical engineering are few in num-
ber when compared with those in mining, electrical,

civil and even sanitary engineering. The reason for

this lies in large measure at the door of the manufac-

turer, for as stated above he does not understand the

conditions he must meet to insure the chemist he em-

ploys successful and happy functioning. In some
measure, too, it may lie at the door of the university,

for it sometimes happens that the director of the

courses in chemical engineering is an engineer, not a

chemist, and in cases where its responsibility is under

the chemical department the director is generally

"academic" in quality ; in either instance the course

may lack the training and inspiration necessary to

send good men into industrial chemistry.

The canons of judgment in the choice of an indus-

trial chemist appear to be :

(i) Training (Scholarship).

(2) Creative Power.

(3) Masculine Qualities, which enable the chemist

in the factory to deal with workmen and govern fore-

men.

(4) Personal Qualities, as they affect his relations

with colleagues and officials.

(5) Personal Integrity.

(6) Practicality.

(7) Health.

In proceeding to nominate a candidate for an in-

dustrial position, it has too often been obvious to me
that the professor of chemistry has nominated his

man on the basis of scholarship alone.

A problem of extreme importance, and one to which

I have never seen attention drawn, is the extent to

which outside industrial or commercial work is per-

missible to the instructor in the chemical department

of a university. Most professors or assistant profes-

sors of chemistry have from time to time offers of

routine or research problems, generally attended with

the offer of a microscopic remuneration, for indus-

trialists are prone to believe that professors "love"

to do such things. Now, we all know that the more

the professor becomes involved in money-making out-

side the less value he is to his students ; we know, too,

that unless he is engaged in research of some kind,

whether "pure" or "applied," he is possibly of still

less value to his students, and, finally, we know that

his university salary, whatever it may be, is inade-

quate to his needs. An extrinsic, but important con-

sideration is the fact that carrying on outside work

at the expense of the university plant and at a low

remuneration, because of his salary, he is taking the

bread out of the mouths of his professional brethren,

who have to pay for t/wir laboratories, apparatus,

reagents, and books. I ask again, to what extent may
the professional chemist do commercial work and what

should be the scale of his remuneration ?

Another matter of serious moment, particularly as

it refers to commercial routine laboratories, has to do

with academic instruction in chemical analysis. I

may say advisedly, on the basis of numerous com-

munications, that there is considerable dissatisfaction

over the type of instruction that in many instances is

offered young men who after graduation enter com-

mercial laboratories in positional capacities—dissatis-

faction with antiquated and cumbersome methods

that are taught and with the neglect of the time

element in making analyses—dissatisfaction, too, over

the tardiness with which university laboratories adopt

new valid methods and apparatus, and over their neg-

lect to teach their students some sense of proportion

in distinguishing between accuracy and practical ac-

curacy. Now, it is within the knowledge of us all that

young men can never become chemists until they are
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first trained and disciplined into the exercise of the

last fraction of accuracy that is in them. On the other

hand, the university can no longer consider itself as

apart from life, or as other than, in part, an institution

for fitting young men with opportunities for life.

Finally, in this connection, and as a matter of per-

sonal opinion, it seems regrettable that chemical in-

struction should be so largely analytic in character : I

mean by this that there seems to be not so much a

disproportionate amount of chemical analysis taught

in the academic courses, though certainly there is a

great deal of it, but that the other courses partake to

such an extent of the analytic character in their meth-

ods. One wanders through course after course—not

formally analytical—only to find that they are taught

analytically by analytic-minded men.

It is for this reason that I attach so much impor-

tance to the discipline and methods of organic chem-

istry, for organic chemistry is almost the sole subject

in the chemical curriculum in which a student gains

educational training in synthetic working and synthetic

thinking. Now, in industrial chemistn,- the fields that

most need research, and that in consequence offer the

best opportunities, are in large measure organic

—

tanning, starch, glue, soap, essential oils, petroleum.

and so on almost indefinitey. Furthermore, both in the

organic and inorganic fields of industrial chemistry,

and outside of the routine testing-laboratories, the

problems that are perhaps most important to industrial-

ists are synthetic problems. This is naturally the case,

for the art of manufacture is fundamentally "making

things." Yet the men whom the schcKils furnish to

solve these problems are for the most part men so

drilled in analytic habits of thought and work that

they cannot naturally and efficiently act or think syn-

thetically. Glass men want new glasses, the metal-

lurgical people new alloys, the enamel workers new

enamels, and so on ; and yet too often the men ap-

pointed to the task are beaten before they begin by

their very habits of thought.

At the conclusion of these remarks on the relation of

chemistry to industry in America, some reference

ought perhaps to be made to the progress and devel-

opment of the scheme of industrial fellowships which

I initiated at the University of Kansas.

Felloivsliip A'O. i. On the Chemistry of Launder-

ing.—^Ir. F. W. Faragher's fellowship was extended

for six months beyond its termination, at double the

value, at the end of which time he entered the fac-

tories of his donating corporation, where he is doing

capable work. On the basis of a part of his re-

searches, the University of Kansas conferred upon

him the degree of Ph. D.

No. 2. On the Study of Diastase.— 'Sir. R. C.

Shuey had his fellowship extended by the donating

corporation for one year beyond its tennination. At

the end of this time he had perfected a method for

drying alfalfa, in such a way as to conserve its dia-

static content, as well as its taste, odor, color, etc. If

he succeeds in proving the practicability of his process

from the standpoint of • cost, his work will amply
satisfy his donors.

Xo. _?. On the Chemistry of Breaii.—The donors

of 'Mr. H. .\. Kohman's fellowship, the National As-

sociation of Master Bakers, in recognition of the value

of his other work in behalf of the association, at the

termination of his fellowship conferred upon him all

proprietary rights in his process of standardizing the

large-scale manufacture of salt-rising bread. Mr.

Kohmaii discovered the efficient bacillus for its manu-
facture, isolated it, grew it in large quantities, and

through its use has been able to turn out salt-rising

l)read, of beautifully uniform quality, at the rate of

a thousand loaves a day for over a week. He has

been offered large considerations for the rights of this

process, and on the basis of his general work and at

the request of a certain corporation, he has been

offered a new fellowship, yielding $2,500 a year, to

continue his researches. His original fellowship was

$500 a year.

Xo. 4. On the Utilisation of the Constituents of

Buttennilk.—Mr. E. L. Tague. on the termination of

liis fellowship, has succeeded in extracting from but-

termilk veritable casein. This casein, in quantities of

over a hundred pounds at a time, was forwarded to

the paper-makers for actual commercial practice. Their

reports aft'orded a complete vindication of his methods.

Xo. 5. On the E.rtraction of the Utili:;able Con-

stituents from Crude Petroleum.—Dr. F. W. Bush-

ong, through two years' labor upon petroleum, has

jjlaced the matter of this fellowship upon such a foot-

ing that I have recently been offered a multiple fellow-

ship, providing for the employment of at least six

men. to take full advantage of his work. This fellow-

ship I shall accept so soon as rooms are provided for

its efficient working.

Xo. 6. On Enamel-lined Steel Tanks.—On the

liasis of the work accomplished by Mr. A. J. Weith

and Mr. F. P. Brock, the donors of this fellowship in-

sisted upon taking them over into the corporation six

months before its expiration. They have succeeded in

constructing an enamel which lies beautifully on steel,

which is of extraordinary resistivity and which affords

good promise of being adapted to large-scale applica-

tion. In addition, they have developed a substance

which is not glass or enamel at all and which also lies

beautiful!)' on steel and seems remarkably well adapt-

ed in its resistivity, etc., for use as a coating for steel

tanks.

This completes the list of fellowships which have

expired.

Of the fellowships which are now in operation

:

Xo. 7. On tile Relation between the Physical Prop-

erties of Glass and Its Chemical Constituents.—Dr. E.

\\'ard Tillotson is making splendid progress in this

fellowship, both from the standpoint of practical re-

sults and, as well, along lines of great academic inter-

est. He has won tlie full regard and confidence of his
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donors and it is expected that it will soon be possible

to publish some of his more important results that do

not have a direct practical application.

No. 8. On the Chemistry of Cement and Lime.—
Dr. J. F. Mackey is carrying out through this re-

search a comprehensive investigation into a certain

phase of cement manufacture after a fashion such as

has never before been attempted, and, in addition,

seems well on the way to tlie solution of the large-

scale manufacture of slaked lime—a problem which

has been of serious annoyance to lime manufacturers.

No. 9. On the Extractive Principles from the

Ductless Glands of Whales.—Mr. E. R. Weidlein

was sent up to Newfoundland and Labrador early in

June, for the purpose of collecting material. He re-

turned in September, completely successful in his

quest. He brought back with him over a hundred

pounds of suprarenal glands, over a hundred pounds

of thyroids, some thymus glands and a large quan-

tity of other very interesting material. He has already

discovered that the extractive principles from the

suprarenal glands of whales differ in an interesting

fashion from the extractive principles obtained from

land animals.

No. 10. On the Chemical Treatment of Wood.—
This fellowship began considerably less than a year

ago, but Dr. L. V. Redman has already succeeded in

devising and developing a remarkable and promising

process for the improvement of the finish on wood.

The finish he obtains, while brilliant and entirely re-

sistive to all ordinary chemical reagents, is forty-

three times harder than varnish. He already has pat-

ents pending.

No. II. On Utilities for Bora.v.—This fellowship,

unlike the others, was but of one year's duration. On
the basis, however, of what Air. B. C. Frichot has

accomplished, I am just in receipt of a letter from his

donors, expressing their cordial appreciation and

eagerly requesting a continuance of the fellowship.

No. 12. On the Chemistry of Vegetable Ivory.—
Mr. J. P. Trickey is taking full advantage of the op-

portunities for investigation which lie in this sub-

ject and, on the basis of results already achieved, has

won from his donors their entire confidence and ap-

preciation.

In the University of Pittsburgh, in which this work

is to be carried on as well, I have already received

several important fellowships

:

No. I. On the Chemistry of Baking, yielding $750

a year for two years, with an additional cash bonus of

$2,000.

Nos. 2, J and 4. On the Abatement of the Smoke
Nuisance, yielding $2,000, $1,500 and $750 for three

men per year respectively, for 2 years, with an addi-

tional consideration of not more than 10 per cent of

the net profits.

No. 5. On the Relation of the Pots to the Glass-

making and the Elimination of "Strea," yielding

$1,500 a year for 2 years, with an additional cash

bonus of $2,000.

Nos. 6, 7 and 8. On the Chemistry of Baking,

wholly independent of, but with the acquiescence of.

No. I—for three men, yielding respectively $2,500,

$1,500 and $750 a year for two years, together with an

additional consideration of not more than $10,000

cash.

In addition to these fellowship, I have pending, as

stated above, one providing for 6 men, in petroleum

research and another multiple fellowship of $10,000 a

year for 2 years, for 3 men, yielding $5,000, $3,000

and $2,000 per year respectively, together with a large

additional consideration.

The scheme itself, as expressed in the agreement

between the various corporations and the universities

concerned, has undergone a remarkable development.

These fellowships, beginning with $500 a year, have

gone progressively up through $650. $750, $1,000,

$1,500, $2,000, $2,500, and now I am threatened with

fellowships yielding $5,000 a year and $3,000 a year

to the fellow appointed.

One remarkable phase of its development lies in

the creation of multiple fellowships, designed for the

intensive work of several men upon one problem.

M. C. WHIT.^KEK.

Prof. Duncan's plans for the encouragement and

development of industrial research opens up an enor-

mous field, and one which will be of immense benefit

to the manufacturers. The subjects undertaken should

be selected with the greatest care, and should be lim-

ited to those branches which can be handled in prop-

erly equipped laboratories. Business men may be in-

terested in supporting an industrial research when it

can be shown that the laboratory equipment is of a

character to offer them superior facilities to those

found in their own works laboratories. But it would

be a difficult matter to interest a keen business man

in an industrial research where the laboratory equip-

ment is no better, or, as in the case of many institu-

tions, even less than may be found in his own works.

Plenty of industrial problems may be found, and

generous support will be given by industries as fast

as it can be demonstrated that qualified men and satis-

factory equipment may be enlisted for their solution.

One of the most important things to be considered

in the education of the chemists for manufacturers is

the fundamental education.

Equally important and essential to the young chem-

ist in making himself indispensable to the manager

is a knowledge of certain other subjects, such as

works equipment, works organization, works labor,

and works economics.

The margin between a profit and a loss in a chem-

ical manufacture is often very small and no matter

how perfectly the chemical reaction may be developed,

a poorly equipped works may convert it into a losing

venture. Again, a losing chemical process may be, and

often is, converted into a dividend-payer by improving

and developing the organization for its execution.

Then comes in the question of labor. Of what con-
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sequence is the chemical reaction which depends upon

labor to make it work, if the chemist does not know
how to make a "Dago" work? Are the men ever

taught the applications of these sciences to manufac-

turing problems with real live factory appliances ?

Do the students ever realize that the organization fac-

tor, the labor factor, the general process economics

are all equal in importance to their chemical knowl-

edge when it comes to producing the results for which

the manager is held responsible and for which he

employs the chemist to assist him?

I think that the factory managers are not altogether

to blame for the state of affairs Dr. Duncan has de-

scribed. The chemists are not altogether to blame

either. The education of the men to solve the prob-

lems of chemical manufacture is a great undertaking,

and one which is not to be considered on the same

basis as in other engineering fields.

DR. L. H. B.\EKEL.'\ND.

One of the main reasons why the work of the

chemist is not properly understood nor properly appre-

ciated is that the average public, even including edu-

cated men who are not chemists themselves, is not in

a position to grasp the scope and the purposes of

chemical investigation. The man of average intelli-

gence can easily understand a mechanical proposition

involving the work of the engineer, but it requires

chemical knowledge, besides intelligence, to have some
understanding of chemical problems and their diffi-

culties. The average man has only the haziest con-

ceptions of this subject.

Chemical research work, at its very best, is slow in

practical results, and what is still worse, the real

visible difiiculties begin only after the initial research

work is over, and the subject is to be reduced to prac-

tice. Therefore, to an uninformed person, the value

of all the preliminary painstaking research work is

not very apparent.

Research in industrial chemistry involves work of

no less high order and no less difficulties than that

required for purely scientific investigation. In fact,

the man engaged in purely theoretical work has a

great advantage over the industrial chemist because

he has to take into consideration the cost of produc-

tion, the market conditions, and the factor of superi-

ority of quality. If the theoretical investigation of the

subject becomes too difficult, or does not bring in re-

sults, or does not please him, he does not have to

pass sleepless nights over it, but he can simply drop it

then and there, and quietly select some other line of

work more to his liking, and carry it out according to

his own fancies and without submitting himself to the

drastic criticisms of the consumer or the market at

large.

Too few chemical inventors realize the enormous
distance which lies between a laboratory conception

and its successful application to practice. Many prob-

lems which are solved in the laboratory after great

effort often require years of painstaking work, not to

speak of immense financial sacrifices, before they are

acceptable in current practice and become a basis for

a paying commercial operation. By the latter I do not

mean, of course, the so-called "rake-off" of promoters,

who frequently begin by smothering a good thing

under too heavv charges.

The production of garnet for abrasive purposes in

1909 in the United States amounted to 2,972 short

tons, valued at $102,315, as compared with 1,996

short tons, valued at $64,620, in 1908. This was a

fair increase over the production of 1908, but is nev-

ertheless somewhat disappointing. The industrj' does

not yet seem to have recovered from the setback it

received during 1908 from overproduction, a declin-

ing market, and the invasion of the abrasive indus-

try by artificial abrasives. The average price of garnet

per ton in 1909 was $34.43, an increase of $2.06 per

ton as compared with $32.37 in 1908. The garnet

indu.stry is practically confined to New York, but

a small production was reported from North Caro-

lina in 1909.

According to the annual report of A. Hirsch &
.Sons, well-known authorities, the consumption of

metals in Germany showed a considerable increase in

1910 as compared with 1909. The fact that exports of

copper manufactures amounted to 88,195 tons, 12 p>er

cent more than in 1909, is illustrative of the general

prosperous condition of the metallurgical and allied

industries during the past year. The figures given in

the following review of the situation are based on esti-

mates of A. Hirsch & Sons. Germany purchased 207,-

419 tons of foreign copper in 1910, against 187,186

tons in 1909. About three-fourths of the imports come

from the United States. In addition, German mines

yield some 31,000 tons annually. The production of

the United States, Canada, and Mexico during 1910

is estimated at 646.504 tons. Shipments of American

copper to Europe amounted to 314,681 tons. Supplies

at the ports of Hamburg and Rotterdam at the end of

1910 are placed at 16.300 tons, against 2,200 tons the

preceding year. The consumption of lead in Ger-

many was approximately 215,000 tons for 1910. Im-

ports for the first 1 1 months of that year amounted to

71,625 tons, in addition to about 100,000 tons of lead-

bearing ores. The prevailing opinion is that the price

of this metal will advance during 191 1. The market

for zinc was verj' active during 1910, so that the stock

on hand in zinc-producing works is very small. The
German output in 1910 was 206,000 tons. Further-

more, from January i to November 30 of that year 35,-

197 tons of zinc and 218,867 tons of zinc-bearing ore

were imported, chiefly from Australia. The price of

tin showed considerable advance under the influence

of a London combine which controls a large part of

the production. During the first 11 months of 1910

Germany imported 13,039 tons of tin. The annual

output of this country is estimated at 11,000 tons.
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HISTORY OF ALUMINUM MANUFACTURE.*

It has been suggested to me to give an account of

some of the more personal and unpublished facts in

connection with niv invention of the aluminas process,

and of the work of putting it on a commercial basis.

My first knowledge of chemistry was gained as a

schoolboy at Oberlin, Ohio, from reading a book on

chemistry which my father studied in college in the

forties. I still have the book, published in 184 1. It is

minus the cover and the title page, so I do not know
the author. It may be interesting now to see what

this book, published seventy years ago, says about

aluminum : "The metal may be obtained by heating

chloride of aluminum with potassium in a covered

platinum or porcelain crucible and dissolving out the

salt with water. As thus prepared it is a gray pow-

der similar to platinum, but when rubbed in a mortar

exhibits distinctly metallic lustre. It fuses at a high-

er temperature than cast iron and in this state is a con-

ductor of electricity but a non-conductor when cold."

Later I read about Deville's work in France, and

found the statement that every clay bank was a mine

of aluminum, and that the metal was as costly as sil-

ver. I soon after began to think of processes for mak-

ing aluminum cheaply. I remember my first experi-

ment was to try to reduce aluminum from clay by

means of carbon at a high temperature. I made a

mixture of clay with carbon and ignited it in a mix-

ture of charcoal with chlorate of potassium. It is need-

less to say that no aluminum was produced. I thought

of cheapening the chloride of aluminum then used as

the basis for aluminum manufacture, and tried to make
it by heating chloride of calcium and chloride of mag-
nesium with clay, following the analogy by which iron

chloride is produced when common salt is thrown into

a porcelain kiln. A little later I worked with pure

alumina and tried to find some catalytic agent which

would make it possible to reduce alumina with carbon

at a high temperature. I tried mixtures of alumi>na

and carbon with barium salts, with cryolite, and with

carbonate of soda, hoping to get a double reaction by

which the final result would be aluminum. I remem-
ber buying some metallic sodium and trying to reduce

cryolite, but obtained very poor results. I made some

aluminum sulphide but found it very unpromising as

a source of aluminum then, as it has been ever since.

On a later occasion I tried to electrolyze a solution

of aluminum salt in water, but found nothing but a

deposit of hydroxide on the negative electrode. I did

not give a great deal of time to these experiments, as

I was then a student in college and was working on

three or four other attempted inventions.

I had studied something of thermochemistry, and

gradually the idea formed itself in my mind that if I

could get a solution of alumina in something which

*.'\bstracted from remarks of Dr. Chas. M. Hall on the re-
ceipt of the Pekin Medal, awarded him for his inventions
and discoveries in connection with the manufacture of alum-
inum.

contained no water, anil in a solvent which was chemi-

cally more stable than the alumina, this would prob-

ably give a bath from which aluminum could be ob-

tained by electrolysis.

In February, 1886, I began to experiment on this

plan. The first thing in which I tried to dissolve

alumina for electrolysis was fluorspar, but I found

that its fusing point was too high. I next made some

magnesium fluoride, but found this also to have a rath-

er high fusing point. I then took some cryolite, and

found that it melted easily and in the molten condition

dissolved alumina in large proportions. I rigged up a

little electric battery—mostly borrowed from my pro-

fessor of chemistry, Professor Jewett, of Oberlin Col-

lege, where I had graduated the previous summer. I

melted some cryolite in a clay crucible and dissolved

alumina in it and passed an electric current through

the molten mass for about two hours. When I poured

out the melted mass I found no aluminum. It then

occurred to me that the operation might be interfered

with by impurities, principally silica, dissolved from

the clay crucible. I next made a carbon crucible, en-

closed it in a clay crucible, and repeated the experi-

ment with better success. After passing the current

for about two hours I poured out the material and

found a number of small globules of aluminum. I was

then quite sure that I had discovered the process that I

was after.

I undertook to broaden and improve the method,

and found that I could use, instead of cryolite, other

double fluorides, partictilarly a double fluoride of po-

tassium and aluminum. The most important change,

however, which I made at this time, was in the mate-

rial used as an anode. I wanted to get rid of the burn-

ing up of the carbon anodes. I tried a platinum anode

and found that it seemed to work all right, but it was

too expensive. I discovered that if I used a fusible

bath of a potassium double fluoridi- with a soditim

double fluoride, I could use a copper anode, which

immediately became coated with a thin film of copper

oxide and acted like a permanent platinum anode. This

was not a step in advance as I had hoped, because more

or less copper got into the reduced aluminum, and the

use of a copper anode led me to use very fusible baths,

which on the whole did not work as well as the less

fusible baths. It is probable that this change delayed a

successful result for a year or two.

When worked on a small scale, this process with

any of the baths I have mentioned, and with either

copper or carbon anodes, is not apparently promising.

The ampere efficiency is low, sometimes zero, and the

bath, whether composed of sodium or potassium salt,

becomes filled with a black substance which accumu-

lates and renders the process very difficult. I presume

that my friend. Dr. Heroult, whom I have the pleasure

of seeing here to-night, who invented the process in-

dependently in France about the same time, encoun-

tered the same difficulties. In spite of the difficulties

mentioned, however, I had great faith in the theoretical
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possibilities of the process, and believed that the prac-

tical obstacles could be overcome, so I stuck to it from

the start.

On the financial side I had, in the course of three

years, three different sets of partners or backers, of

whom two sets became discouraged and gave up. In

the summer and fall of 1886, I worked with some peo-

ple in Boston with v.-hom my brother had made some

financial arrangement. The results there obtained

were not satisfactory to them and in October, 1886,

my Boston friends declined to go further.

In December. 1886, I returned to my home in Ober-

lin, continued my study, and found that a bath com-

posed of a verv' fusible double fluoride of aluminum

and potassium, with copper anodes, worked much bet-

ter than anything I had before tried. I have here a

number of buttons of aluminum made b\ this method

at that time. The larger one was made with current

from a galvanic battery on December 7, 1886, and

weighs about 8 grams.

After this I negotiated with the head of one of the

large chemical manufacturing companies of the Unit-

ed States with headquarters at Cleveland, but we could

not finally agree. I thought then, and have thought

since, that this gentleman was the kind of man whom
the proverbial inventor meets when he is deprived of

the fruits of liis labor. He was described to me as ex-

tremely careful and conservative, and was always

wanting to take a few days more to think the matter

over. He kept me on the string six months, and the

kind of contract which he finally offered seemed to me
entirely one-sided. The gentleman told a friend of

mine afterwards that I was no business man (which

was no doubt true), but I received what seemed to me
much fairer treatment from all with whom I after-

wards had business dealings, and found nuich more

liberal associates and friends.

The Cowles Electric Smelting & Aluminum Co.,

who were then making aluminum alloys at Lockport,

N. Y., were the second set of people who became in-

terested in my invention. They took an option on it,

and I spent a year with them, from July, 1887, to July.

1888. They finally gave up their option. The baths

which I used at Lockport worked well for a few days,

but after a time became less efficient. I finally worked

out a system by which the difficulties were overcome.

This was by making a bath consisting partly of calcium

fluoride, or fluorspar, and adding 3 or 4 per cent of

jectionable compound which spoiled the bath. After

finally overcoming the difficulties which I have men-
tioned, I made several pounds of aluminum in small

crucibles, which I showed to Mr. Alfred Cowles and

gave him all the facts in relation to the same, but he

was not interested.

I then sent a representative—Mr. Romaine Cole,

now dead—to Pittsburg, to get together the gentlemen

who formed the Pittsburg Reduction Company, now
the Aluminum Company of America. We started in

in the summer of 1888 to build and operate a com-

mercial plant on Smallman street in Pittsburg. We
had at our disposal about fifty horse power in electrical

current of 2,000 amperes. It took a few weeks after

starting to get the dimensions of our baths just right,

and then the difficulties which I have referred to dis-

appeared as if by magic. The clogging and spoiling of

the bath, which had caused trouble for the last three

years, did not occur on a large scale. No calcium

chloride was required. It seems that this is a process

( unlike a good many others) which works badly on a

small scale and well on a large scale. I accounted for

this by the fact that on a large scale the electrodes are

further separated and there is less circulation between

the positive and negative electrodes, which lowers the

efficiency and favors the formation of the clogging

black compound. We also found, as I had predicted

nearly three years before and had stated in a patent

application filed two years before, that on a commer-

cial scale no external heat was required to keep our

baths in fusion. This was a great advantage, but I

believe that it resulted from a law of nature and not

from any invention, as we did not use any excess of

current for maintaining fusion, but only the normal

current and voltage for electrolytic purposes. The use

of the electric current for fusing and heating in con-

nection with electrolysis was a thing which had been

disclosed and published almost a century before.

The maintaining of aluminum has now grown to a

great commercial business. Alany workers have con-

tributed to it. and the credit is to be divided among
many. Our financial people, particularly the gentlemen

of the ATellen Bank, of Pittsburg, have given indis-

pensable aid. Our patent attorneys and experts, our

engineering and chemical staff', sales agents, superin-

tendents, foremen and others have all done their share.

Tn the commercial development of the business I think

the greatest credit is due to our first president, Cai>-

tain Alfred E. Hunf, who died in 1899. and to our

present president, Mr. .Arthur V. Davis, who has been

identified with the business for twenty-two years, and

wiio has been manager and general of our forces for

the last eleven years.

A new isothermal valve has been invented by Al-

fred Baldwin, of Keighley, Yorkshire, England, and

is now in operation, whereby when the temperature of

a thermometer placed in the dye vessel reaches any

fixed point it completes an electrical circuit which, by

means of an elctro magnet, automatically shuts off the

steam. By this means the range of temperature can

be kept at 205° to 206° F. Since the employment of

steam the temperature in a dye vessel has varied from

208° to 210° on the side where the steam was ad-

mitted down to 202° on the opposite side : this differ-

ence of 6° to 8° possibly accounts for uncvenness in

dyeing. By this new control valve it is claimed that

95 per cent of the damage can be avoided and there

would be a saving in steam of 50 per cent in open

vessels to 85 per cent in closed vessels.
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TRANSITE AND STEEL TOWER TOP CON-
STRUCTION.

By WARREN H. MILLER.

One of the most annoying problems about a chemi-

cal plant is how to counteract the tendency of process

tower top and still tower sheds to drop loose boards

and trim, due to the acid eating through the nails in

the minute cracks where two boards, or a board and a

weather strip, are nailed together. Every violent wind

storm or thunder squall is sure to bring in its train a

shower of louvre shutter slats, weather strips and cor-

nice facia boards from the process and still tower tops,

besides all sorts of light woodwork once put up with

ordinary carpenter nails which are now all pretty well

eaten through. It is no unusual thing for whole

boards to come sailing down from the still tower tops,

which are the most exposed. The resulting minor car-

penter expenses, together with the generally acid-eaten

condition of the boards and trim led us finally to in-

vestigate a construction that had no wood or nails in it

at all. The idea was to have red "French A" or Cela-

don roof tile on 2J/2 in. by 2 in. by % in. angle iron

purlins spaced 13% ins., the roof to be carried by light

steel trusses ; the walls would then be of sheets of

"transite" bolted to suitable girts running around the

tower tops. Transite is a non-inflammable composite

board, made under hydraulic pressure of asbestos fiber

and plaster bond. It has a smooth glassv face which

will take paint nicely, but the back is rough so that any

plate is non-reversible. It is made in thicknesses from

% in. up to J/2 in., and in two stock sizes, 40 ins. by

40 ins. and 42 ins. by 44 ins. The 54 in. thickness

weighs 2.3 lbs. per square foot. While it is not acid

proof in the sense that it will resist the steady dripping

of weak acid on it any more than red roofing tile will,

yet it will outlast the best pine boards, and, as it is

bolted with J4 in. bolts, these will resist being eaten

through much better than ordinary carpenter's finish

nails. Any structure sheathed with it is practically

fire-proof, though under great heat, when surrounded

with flames, it is apt to spall apart if water is thrown

upon it. It can be sawed, nailed, chiselled and drilled,

though one always uses old tools for this purpose, as it

is death on the fine edge of wood-working tools. No
holes should be drilled nor nails driven nearer than an

inch from the edge, as it is much more likely to chip

out than to pass the nail if less than this is allowed.

The transite boards are put up in rows, each over-

lapping the row below, all joints meeting, so that a

crack will run up a whole series of boards. These

vertical cracks are then covered with 4-in. strips of

transite, which also overlap the straps below, so that

the sheathing is rain-proof, even against severe driving

storms. As no two boards are exactly the same color,

it is necessary to paint the work when done, and we
found that black tar was the best and most durable

paint. We first tried the graphite paint so successfully

used about chemical plants on iron work, but in a few-

weeks the weather had washed it off, leaving a streaky,

drab, and miserable appearance. But, with tar finish

and red tile roof, our process and still-tower tops

looked quite ornamental for a chemical plant.

The problem of the best steel frame to mount the

transite board on was next given considerable study.

The first scheme tried did not seem to the writer to

be the best idea, but still one tower top was finished

according to it. Briefly, it was this : The corner

posts being 3 in. by 3 in. angles, the girts were selected

of Z-bars (Carnegie Z-19), and each one of these Z

bars was drilled with ^ in. holes spaced 8 ins. apart in

the upstanding leg of the Z. All the transite boards

were to be piled up in sets of ten and drilled with a

compressed air drill through a metal template. The
holes were to be 3-4 in. plus a fraction, so as to easily

pass a 34 -in. bolt.

The writer shook his head over this scheme. Sup-

pose the drill was not held exactly plumb—how about

the holes in the last few boards far below the tem-

plate? Even if you got them square, would all the

Z-bars be exactly straight, exactly plumb, all the holes

in a row one below the other? Not as structural steel

is usually made and put together for ordinary skeleton

steel construction. As a matter of fact few or none

of the Z-bars were exactly straight, nor were any of

the measurements between holes on different girts the

same, nor anywhere near enough for transite. In ordi-

nary steel construction these matters make little dif-

ference, as you can pull almost any job of steel work

into place with drift pins—but not with transite. The

least attempt to spring a buckled or sagging Z-bar into

place would end in the hole pulling out of the transite

board. However, we tried out the scheme on one

tower top, which proved to be a w'orld-beater in point

of erection cost. The labor on it alone went over 12

cts. per square foot of transite sheathing. The first

ten sheets from the template were tried out one by

one, but fitted—nowhere. Wliile they might be coaxed

to take the four corner holes, they usually managed to
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miss all the others. We found that to make a job of

it, each separate board would have to be held in its

place and the holes scribed on it, drilled, and then

fitted where it belonged. The tower top frame would

also have to be plumbed to mechanical accuracy and

held so with wooden shores until all the transite boards

were on, otherwise no sets of holes would be square

and the corners wouldn't match. As we had some 30,-

000 sq. ft. of process and still tower top steel framing

to cover, this transite proposition bid fair to eat up a

lot of money unless some simple scheme was devised

to fasten on the boards without all this drilling and fit-

ting. It seemed to the writer that some sort of a

clip would be the best idea. Something that could be

manufactured in quantities and put on the boards in

the shop, so that no fitting would be necessary up on

the steel work in the howling wind. As each sheet

overlapped the one below it would only require a clip

on the bottom, locking over the lip of the Z-bar. They

were recessed 9/16 in. so that the clip would easily in-

clude both the leg of the Z-bar and the upper edge of

the sheet below. Two clips were used to each sheet, be-

ing bolted on about four inches above the bottom edge

of the sheet. To put them on you began with the bot-

tom row, using small cast-iron C-clamps to hold the

top edges of the sheets as you went along. As soon

as the next row of sheets went on above, their over-

laps held the tops of the sheets of the lowest row and

released the C-clamps for duty on the top of the sec-

ond row. Most of the tower sheds were four rows

high. All the sheets could now be drilled with a tem-

plate, as it made no difference whether there was a

slight variation of ^ in. or so in the spacing of the

Z-bars, as of course, this would be lost in the overlap.

As to horizontal fit. the sheets could be slid along on

their clips to take any position desired. Altogether,

the work went along very smoothly and swiftly as

soon as we began to use the clips and the 30,000 sq. ft.

of transite board was put upon the steel tower top

framing covering the Gay-Lussac, Glover and supple-

mentary process towers in both works "A" and "B"

and four still tower tops.

To make the transite clips we made a very inex-

pensive die which was planed out of a block of cast-

iron, chilled, and the forms stamped out of pieces of

18 gauge sheet iron each with a single tap of the steam

hammer. Each form made two transite clips as it sim-

ply needed cutting in half under the shears and punch-

ing for bolts to be ready for use. To put up the work

you needed three sizes of M-'"- bolts; ^-in. for the

clips, i-in. for the straps and i^-in. for the lower

ends of the straps where the bolt would have to pass

through two straps and two sheets of transite. The
straps themselves were 40-in. and 42-in. strips of tran-

site, 4 ins. wide, and came already manufactured with

the sheets. We staggered the bolt holes for them, and

so got along with six bolts to the strap for each sheet.

The transite clips took six and then there were six ex-

tra ones to be supplied for the top row of sheets which

had to be secured by a second pair of clips taking the

top Z-bar. After it was all up, a painter in a bosun's

chair tarred the whole job and it remains glossy and

black to this day.

When we came to build more still houses with their

towers the question of tower top covering came up
again. This time we decided to eliminate the Z-bars

entirely. To begin with, they were phenomenally weak

in the direction they should be strongest, which was

sidewise, to resist lateral wind pressure. Moreover,

they were no longer rolled by the Carnegie company

as a standard section, and when delivered were apt to

be w^arped out of true, sometimes sagging as much
as an inch from the true line of dutv, so to speak. It

seemed to the writer that the same weight of metal

could be far better put into a stout angle held with the

leg upstanding by reverse angle clips at the posts,

and so, after making clue representations through the

proper channels, permission was obtained to go ahead

and design something that would beat the Z-bars of

which so many tons had been used. In Still Tower
No. 5 the Zs were replaced by 3-in. by 2-in. by ^4-iri.

angles with the 2-in. leg upstanding. It gave a far

stiffer construction especially to resist lateral wind

pressure, having about twice the moment of inertia of

the Z-bar. The transite boards were put on precisely

as before.

Throughout all this transite work we were forced

to use metal corners, as it would be an impossibility to-

make up the corners square and true in transite or

to keep them so if successful. The cheapest way out

of it was to make up a lot of 22 gauge galvanized iron

corners, 4 ins. on a side, and bolt them onto the end

pieces of transite at each row, each corner overlapping

the one below it, and passing under the transite of the

sheets above it. These corners were, of course, tarred

at the same time as the rest of the work.

The prospects for a reasonable window scheme for

these transite tower sheds seemed bright for plenty

of trouble ahead. We had 36 windows to provide for

in the process tower tops and 13 in the still towers, so

it would not do to cobble out a window for each par-

ticular case. A mill job would have to be designed and

the 51 window frames and their sashes run out in a

quantity. The job proved easier than it looked. In

the first place, the distance between Z-bars was in-

variably within a small fraction of an inch, and all

the transite boards were the same length, so that all

the openings were pretty close to T,7/i ins. by 40^4 iris.

A tower-top window must take the place of a single

transite square, and it must also be opposite the dis-

tributors on each tower top, so that the foreman can

see at a glance that all the overflows are free and all

the pipes delivering to their respective holes. You
all know how egg-blow-n weak acid is apt to clog up in

some grooves and overflow in others, thus giving un-

even distribution throughout the tower. In more than

half the available window locations there was already

an upstanding leg of an angle-iron taking the middle
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of long Z-bar girt spans, such as in the 20 ft. sq.

supplementary towers, so that the window sash would

have to be sliding, not swinging, or else it would

interfere with the angle. As the Z-bars formed the

top and bottom of the window opening the sash had

but one available way to slide, which was sideways.

Having definitely fixed these limitations in the win-

dow design, it was then easy to get up a frame that

would fit universally, whether there was an angle iron

behind the window sash or not. I first made tlie sec-

tion of the transite window shown in the illustration,

Fig. I. -A yellow pine bottom still was gotten up to

fit the bottom Z-bar ; ne.xt. the top sill was selected to

fit under the top Z-bar. There were no side frames, as

the window had to be free to slide either way, but the

outside and inside stop frames were carried down on

each side so as to permit the sash to slide through

them. A slanting lower sill-board was then put on

outside and a corresponding stool on the inner side
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As to the methods of holding these light tower top

structures in place, the channel-iron bracket shown

in the designs was amply strong for all sizes of towers,

and could be secured to either wooden or steel tow-

er posts. A set of these brackets was put around each

tower, with an architect's level to get them all true,

and on them went the channel-iron bottom frame of

the house, bolting to the bracket by a hole in the

bottom flange of the channels. On these the 3-in. by

3-in. corner posts were next erected and a few girts

gotten on to hold them square. The posts were next

plumbed and braced by temporary wooden shores and

the rest of the girts bolted on, together with the

trusses and purlins. The whole structure was next

rivetted up without removing the wooden shores in-

side, as it is very important to keep the frame rea-

sonably square until after rivetting. .As there are

no diagonals in the steel-work, this must be done with

4-in. by 4-in. hemlock shores. After the transite is on,

the shores can be removed and the structure will then

stay square.

The cost of the transite in /4-in. board, erected com-

plete, was 15 cts. a square foot, and the steel work to

hold it cost 7.2 cts. a pound erected and rivetted.

THE MANUFACTURE OF AMMONIA-
ALKALI IN ENGLAND.*

By WILLIAM MASON.

In 1909 the production of borax in the United

States was 41.434 short tons, valued at $1,534,365,

an increase in quantity, as compared with 1908, of

16,434 tons, and in value of $559,365. The quantity

stated is the crude material mined and the value is

fixed according to the percentage of anhydrous boric

acid in the ore. All the output in 1909 was derived

from two mines in Inyo and Los Angeles counties,

Cal. Only colemanite or borate of lime is now being

mined in California, and this varies so greatly in its

content of anhydrous boric acid, not only in different

mines, but in any single mine, that it is necessary to

determine the percentage of this acid in the ore in

order to fix the value of the output.

A primitive type of cotton gin is used in certain

sections of China, according to a recent U. S. Con-

sular Report. The gin consists of a corrugated iron

roll about one-half inch in diameter and about 20 ins.

long, set in close contact to a wooden roll about j4 '"•

in diameter. The wooden roll is operated by a crank

turned by hand. The iron roll is operated by a treadle

wheel. The wheel is about 2 ft. in diameter with a

crank pin about 4 ins. from the axle. A rod connects

the crank pin with the treadle stick, the latter being a

rough tree branch ending in three prongs. The oper-

ator stands with right foot on treadle stick, by means

of which he turns the iron roll, and with his left hand

turns the crank which revolves the wooden roll, while

with his right hand he feeds the cotton pods into the

rolls. The rolls pull all the fibers off the seeds and

carry them through, while the seeds drop without hav-

ing been carried through. Tlie cotton seed is used for

oil. Probably the entire cost of a cotton gin such as

this is no more than $5 United States currency.

There is no branch of chemical industrj' in which

the principles of engineering science have been so

profitably applied as that of the manufacture of am-

monia-alkali. The world's production of this article,

which in 1883 was only 160,000 tons, has steadily in-

creased until at the present time it is estimated to

amount to upward of 2,000,000 tons per year, about

nine-tenths of which is said to be produced by the

Solvay system. The English Solvay works of Messrs.

Brunner, Mond & Co., Ltd., in the Cheshire salt dis-

trict, are the largest in the world and since the year

1881 have continued to show the most magnificent

financial results.

It has been thought by some that the Solvay sys-

tem was a secret method, but that is not so. This sys-

tem works the method first made known by Schloesing

and Roland in 1854, which is a modification of that

practiced by earlier workers, such as Dyar and Hem-
ming, who obtained the first patent for this process in

1838. It is represented by the following equation:

NaCl + NH3 + CO, + H,0 = NaHCO, +
NH.Cl.

The ammonia-alkali process is so simple, so unlike

the Leblanc process, that anyone with only a little ex-

perience in chemical manipulation can produce sodium

carbonate by it.

Solvay 's first patent in 1863 was for plant, and a few-

years afterward he established works at Couillet, in

Belgium, making in the first year 179 tons of soda ash.

He was the first to make the manufacture of ammonia-

alkali a financial success, increasing the production

each year, until in 1874 he manufactured upward of

4,678 tons, when it was introduced into England by the

later Dr. Luihvig Mond with a success that is without

a parallel in the history of chemical industry. The

English Solvay works have paid an average dividend

for the last 28 years of 31 per cent, the lowest in 1881

of 19 per cent, and the highest of 100 per cent in 1893.

Notwithstanding such success it can be shown that

in the works of this successful company, when they

were ;innual]\ making a profit of nearly £200,000, in

trying to improve the chemical side of this manufac-

ture, they adopted and persistently worked a method

which must have added at least 10 shillings per ton

to the cost of production.

It has often been stated that in the carb<;inating part

of this process a quantity of sodium bicarbonate re-

maining dissolved in the residual chloride liquors

would always be lost, and to recover this bicarbonate

Solvay suggests in one of his patents the placing of

salt in the carbonating tower ; but ordinary salt, as

supplied to chemical works, contains impurities equal to

•From Metallurgical and Chemical Engineering.
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0.8 per cent, which increases the percentage of insolu- Moreover, the Hme, I>eing charged unslaked, was very

ble matter in the finished soda ash. In 1878 Dr. Mond badly burned.

obtained a patent for a method for purifying the brine Through tliese causes it might safely be said that

by adding to it a kind of water-softening mixture; by the plant did not work more than two-thirds of the

this method he obtained a very pure salt. This process time, yet with all its drawbacks this plant was working

was worked for some time and then discontinued, ordi- in the year 1881. This plant could never have com-

nary salt being afterward used. peted favorably with the Leblanc process and the am-

Now there is no evidence whatever to show that any monia-alkali industry was in a most critical condition

of the salt added in this way was ever decomposed, or when the late Dr. Ludwig Mond, from the capacity of

was necessary to prevent the loss of bicarbonate in the ammonia distilling apparatus of this plant, designed

these liquors. For this purpose about 10 cwts. of salt the vertical still afterward patented by him in the year

per ton of soda ash produced was required ; this salt 1883.

contained 10 per cent of water, which diluted the This still is a fine example of chemical engineering,

liquors, the dilution being further increased by 50 per as it shows how the principles of engineering may be

cent more water being required to wash out the excess applied in the construction of chemical plant ; it was

of salt from the bicarbonate. This water carried away such an improvement over the four-still arrangement

bicarbonate in solution, thus making more liquor to be that the daily output was increased by more than one-

passed through the ammonia still, which increased very third, that is, from 13 tons to more than 21 tons, with-

considerably the cost of manufacture. out increasing the other parts of the plant; in fact, this

Below are given some analyses of the residual liq- vertical still made the plant almost continuous, having

uors : No. i from Solvay towers having had salt placed »"'>' to be stopped a day in about six weeks,

in tliem ; No. 2, from another works which did not use This plant was duplicated and worked most success-

salt in the carbonating apparatus, while No. 3 gives fully for many years. A vertical still had been used

the analysis of liquors from Solvay towers after find- in distilling ammoniacal liquors long before this time,

ing out that salt was not required to obtain a residual ^nd it seems strange that it was not used at first, as it

liquor from the carbonating tower, with little or no was much cheaper to construct. Solvay describes one

sodium bicarbonate in solution

:

in his specifications of patents for 1876.

NO. 1. .soLVAv TOWER L.QcoR WITH SALT AD.ED. .

^he carbonating towcr patented by Solvay in 1872

Percentage alkalinity calcu- i^ ^'^o an apparatus which shows a considerable amount
latcd as NH3 .

1.4fl 1.19 1.61 2.22 of engineering skill and mav be considered his best
.\mmonuim clilonde 16.53 17.12 16.42 14.29 ^ . .,• ,1 ,

"
, . .,

Sodium chloride 13.11 12.98 12.29 14.98 contribution to this particular process and it still re-

No. 2. CARBONATOR LIQUOR WITHOUT SALT. maius a part of the present-day plant with the addition

Percentage alkalinity calcu- only of an internal cooling coil.

lated as NH., 1.6-5 1.87 1.56 1.63 .,., ,
., ^ . ^ ^. ,• e 1

.\mmonium chloride 18.88 17.97 18.08 17.33
Although the patent protecting this Solvay carbonat-

Sodium chloride 6.88 7.28 7.74 8.00 ing tower, which was so ingeniously designed and
NO. 3. SOLVAV TOWER LIQUOR WITHOUT SALT. which produccs thc most perfcct results in working, be-

Percentage alkalinity calcu- came void in 1886, another works was established at
lated as NH3 2.02 ....

.\mmonium chloride 17.22 Kuncorn which contained a plant much simpler in con-
Sodium chloride 8.45 struction than that of Solvay ; in fact, it consisted

Since for every equivalent of ammonium chloride chiefly of large cylindrical vessels made of boiler plate

produced an equivalent of sodium carbonate is precipi- to the number of about 30. It was worked as follows

:

tated as sodium bicarbonate, analyses Nos. 2 and 3 The ammoniacal gases from the stills, without cool-

clearly show that slightly better results were obtained ing. passed into vessels called saturators which con-
than by the addition of salt. tained salt-brine and into which solid salt was also

Although this process is an English one, it was not charged by means of a cage running down the length

worked in England until the year 1874. when works of the saturator, so that brine was made and saturated

were built at Northwich, and a year later at Sandbach. with ammonia in one operation. The ammoniated brine

In 1874 Solvay manufactured upward of 4.678 tons so produced was similar to that obtained in the Solvay

and it is evident that the works mentioned above were system.

of the same capacity. They are very clearly described The great drawback of this method was that much

by him in the specifications of patents No. 999 and No. salt became deposited in the saturators, sometimes to

1904, of 1876. The plant at Sandbach consists of lime the depth of 12 ft. or more, which made it difficult

kilns, four ammonia stills with heater and absorbers, to estimate the ammonia in them, a matter of the

five carbonating towers, four drying machines, besides greatest importance in this process. The stills in this

other vessels. When working this plant showed a profit- department on several occasions recovered upward of

able return, but it was almost impossible to keep it con- 620 lbs. NH, in the hour.

tinually working because of its extremely complicated From the saturators the ammoniated brine, after

parts, chiefly in the ammonia stills, the connecting pipes cooling and settling, was passed into vessels called ab-

becoming blocked and the changing valve leaking, sorbers. two in number, so that while one was being
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filled with ainmoniated brine the other was working as

a part of the carbonating plant. The carbonating plant

consisted of three vessels, each containing about 600

cu. ft. of ammoniated brine. The carbonic acid gas

from the lime kiln, after being washed and cooled

and at an initial pressure of 38 lbs. per square inch,

passed through these concentrators, through an ab-

sorber, then through a tank containing brine and lastly

through a vessel containing acid.

Five carbonators were worked off during the day of

24 hours and produced about 10 tons of soda ash. The

washing of the soda bicarbonate was so carried out

that about 20 per cent of it was washed away and lost.

Analyses of residual liquors from above carbonators

have already been given above (Table No. 2).

By the Solvay towers the 600 cu. ft. of ammoniated

brine could have been worked oft' in less than three

hours, that is, in the state of carbonation as it passed

into these carbonators, and at least 15 tons of soda ash

might have been produced instead of 10 tons. The

plant was supposed to contain a quantity of ammonia

equal to 55,000 lbs. NH3, a quantity quite sufficient for

a daily output of 35 tons of finished soda ash. Six-

teen tons of limestone were also burnt per day. A par-

ticular feature in this plant was that the vessels were so

placed that the liquor passed by gravity from vessel to

vessel so that pumps were not required. This works

was not a success.

At Middlewich, in 1889, a plant very similar to the

one already described was erected, but on a much

more extensive scale. It contained two large ammonia

stills very similar in construction to the Mond still

mentioned in the Solvay system, except that the super-

heater was connected by pipes instead of being built

in one column. It also contained four sets of carbon-

ators similarly worked as at Runcorn, and four lime

kilns. With a little ingenuity this plant might have

produced at least 600 tons of soda ash per week ; with

the whole plant working only 390 tons were made and

with half the plant but 200 tons of soda ash were pro-

duced per week.

To illustrate this point two examples will be given.

When the whole plant was working and contained a

quantity of ammonia equal to 123,000 lbs. NH3, 104

tons of limestone were burnt, 16,000 cu. ft. of residua!

liquor distilled. 15,000 cu. ft. of brine used; 55.8 tons

of soda ash were produced in the day of 24 hours.

To effect this about 20 carbonators were worked, each

containing 840 cu. ft. of ammoniated brine.

.'\nother example when only half the plant was

working and contained a quantity of ammonia equal

to 57,000 lbs. NH3 : 6,600 cu. ft. of residual liquor

were distilled, 6,600 cu. ft. of brine used ; 23.68 tons

of soda ash were produced ; about 10 carbonators were

worked off. The loss of ammonia in the working of

this plant varied from 3 per cent to 15 per cent, that

is, parts of ammonium sulphate per 100 parts of soda

ash. This works in the year 1893 with a capital of

some iiSo.ooo lost £10,689 o" t^e year's working.

Another works with about the same amount of cap-

ital paid only 73<^ per cent dividend. In fact, three

works of very similar construction were bought up by

Alessrs. Brunner, Mond & Co., Ltd. If these works
had used the Solvay tower or had used more engineer-

ing skill in the construction and working of their

plants much more favorable returns would have been

made.

Similar intermittent plants have also been worked
in dift'erent parts of Germany about 30 years ago, all

of which are said to have failed. None of these inter-

mittent systems could ever succeed against the Solvay

system and the price of alkali need not have been low-

ered to £2.175 6d per ton. as it must have cost more
than £4 per ton to produce soda ash by them.

According to the census returns, the growth of the

silk manufactures of the United States has been as

follows for the series of years given: 1870, $12,000,-

000; 1880, $41,000,000; 1890. $87,250,000: 1900,

$107,250,000; 1905, $133,250,000, while it is estimated

that the returns of production for 1910 will run con-

siderably over $150,000,000. The number of silk estab-

lishments has increased from 67 in 1850 to 624 in 1905.

During 1909 the quantity of gypsum mined in the

United States was 2.252.785 short tons, an increase of

nearly 31 per cent over the production of 1908, which

was 1,721,829 short tons, and an increase of more
than 28 per cent over that of 1907, which was 1,751,-

748 short tons. The gypsum sold without calcining

and used principally as land plaster and as an in-

gredient in Portland cement and in paint showed a

large increase in quantity, but a loss of about 11 cts.

per ton in value ; but the material calcined for plaster

showed both a large increase in quantity and an in-

crease of 30 cts. per ton in selling price at the mills.

The total value of gypsum and gypsum products in

1909 was $5,906,738. as compared with $4,075,824 in

1908, an increase of $1,830,914. or 44.9 per cent.

A recent consular report states that a series of pro-

longed investigations has led to the conclusion that

the "peeling" of silver from plated articles is not due

to insufficient plating, but to the high content of

nickel in the basis metal ; that ordinary commercial

alloys of copf>er. zinc, and nickel containing more than

14 per cent of nickel are of doubtful utility in this

respect ; and that the tendency to strip increases with

the thickness of the silver deposit. The properties con-

sidered in deciding upon the grade of German silver

to be used as a basis metal for electroplating were

strength, color, and malleability. However, where

thick coatings of silver are concerned whiteness should

not be considered as a matter of such prime necessity

as the perfect adherence of the silver under conditions

of wear, since strength is of more importance than

color.
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THE WHITING ELECTROLYTIC CELL.-

By JASPER WHITING.

The Whiting- Electrolytic Cell is the result of an

attempt to improve that type of apparatus which em-

ploys mercury as an agent in the electrolytic decom-

position of alkali chlorides.

The chief stumhlins^ block in the \va\- of the suc-

causcil to flow in a wide and shallmv channel from

one compartment to another. Hydraulic engineers

have long recognized the fact that when a stream of

water flows through such a channel, the liquid travels

much more rapidly in the center than on the sides, be-

cause the friction of the walls of the channel holds

liack the material adjacent thereto. If this is a seri-

ous difficulty Vk^ith such a simple fluid as water, it is

doubly true of a complex fluid such as mercury and

X
MlaiBLrsii/firr'

III II n^^^^

Fig. 1

—

Whiting Electrolytic Cell Plan.

cessful operation of mercury cells is the difficultv of

removing the sodium amalgam in a uniform and con-

tinuous manner from the decomposing chamber, where
it is formed, to the o.xidizing chamber. If this amal-

gam is not so removed, it tends to accumulate in the

decomposing chamber until, wdien a certain concentra-

tion is attained, violent secondary reactions are set up

with consequent lowering of the efficiency of the cell.

In the ordinary type of apparatus the mercury is

•From a paper read at the ITtli general meeting of the Ameri-
can Electrochemical Society, in Pitt.sburg, Pa., May 7. 1910.

its overlying stratum of sodium amalgam. .\s a r.=sult,

tile sodium amalgam tends to accumulate to an ex-

cessive clegree, with consequent lowering of the cur-

rent efficiency.

In the Whiting cell a i)rincii)le new to this tvpe of

ajjparatus is employed for the purpose of overcoming

the above difficulty. This cell operates intermittently.

A body of mercury is placed in the decomposing

compartment and held there in a stationary position as

regards the anodes for a given length of time, during

which sodium amalgam of the desired concentration



I04 THE CHEMICAL ENGINEER Vol. XIII. No. 3.

is produced. This amalgam is then completely drawn

off from the decomposing compartment, and when re-

moved its place is taken by another body of mercury

free from sodium. By placing a number of these com-

partments in parallel, and operating them successively,

the cell, while intermittent in principle, is continuous in

its action.

The Whiting Cell is a massive concrete structure,

supported on four concrete pedestals, but insulated

therefrom. It consists of a shallow receptacle, or box,

divided into two compartments, A and B, by a con-

crete partition. The bottom of the larger, or decom-

posing compartment A, is divided by low glass parti-

tions C into a number of sections. The sections have

V-shaped bottoms, sloping at a slight angle towards

central slots D, these slots being carried through the

dividing concrete partitions into the small or oxidizing

compartment B, where they turn upward and are

closed by poppet valves E, operated by cams F, at-

tached to a slowly revolving shaft G. The other ends

of these slots are connected one with another by means

of a common channel H, called the distributing level,

and this channel connects in turn with a secondary

channel or run, /, which leads through one of the side

walls of the cell to a pump /, at the extreme end of

the oxidizing compartment. Mercury covers the bot-

tom of the decomposing compartment, filling to a com-

mon level the several sections above described. The

anodes K, consisting of slabs of Acheson granite, per-

forated to permit the free discharge of chlorine, rest

upon ledges L, placed at the ends of the sections in

such a way that the distance between the electrodes

shall be a minimum. To these anodes are fastened

graphite leads M, which extend upwards through the

cover A^, connecting with the busbar.

The oxidizing chamber is divided into three chan-

nels P, lined with graphite of special design, and slop-

ing successively downwards to form a zig-zag path to

the pump-pit Q, where a stoneware rotary pump /, also

of special design, is placed, and operated by auxiliary

means. A common body of electrolyte, brine, fills the

decomposing chamber, and water, or caustic, the oxi-

dizing compartment.

The action of the cell is as follows : The floor of

the several sections of the decomposing chamber is

covered with mercury, which is maintained at a com-

mon level by means of the distributing level. The

current, supplied to the anodes from the busbars,

flows through the brine solution to the mercury and out

through the bottom of the cell through iron rods R,

partly imbedded in the concrete and serving to con-

nect the mercury in the cell with the cathode busbar.

The current passing through the electrolyte de-

composes the brine, chlorine is given off at the anodes,

escaping upwards, and sodium is separated at the sur-

face of the mercury, amalgamating therewith. When
this action has proceeded for a predetermined period

of time, approximately two minutes, the poppet valve

at the point of exit of one of the sections is opened

by the action of the cam, and tlie entire mass of

sodium amalgam contained in that section sinks rapidly

into the slot and down through the connecting pipe

into the oxidizing chamber. The period required

for the emptying of a section having been accurately

determined, the design of the cam is such that when
the mercury is all out of the section the valve closes.

Mercury free from sodium then flows into the empty
chamber by way of the distributing level, and con-

tinues to flow until the common level is established. In

the meantime the sodium amalgam in the oxidizing

compartment flows by gravity successively over the

graphite plates, and in so doing is freed from the sodi-

um it contained, only pure mercury reaching the

pump-pit, this pure mercury being then raised by the

rotary pump into the wall pipe of the decomposing

compartment, through which it flows b}- gravity to the

distributing level. Thus is the cycle completed.

By operating the sections successively, the action of

the cell is, in effect, continuous, though the action of

each individual section is intermittent.

It is easy to see the advantages of the electrical con-

ditions in the decomposing compartment. A body of

mercury is placed in a stationary position as regards

the anodes, and at such a distance from them as is

theoretically the best ; tlierefore, the distribution of tht

current is uniform and the resistance of the electrolyte

a minimum. Moreover, as there is no agitation of the

mercury during the period of electrolysis, secondary-

reactions are not facilitated, and as the initial primary

conditions are re-established at frequent intervals, uni-

formity of operation is maintained.

In order to operate the cell satisfactorily, it is neces-

sary to feed brine of great strength uniformly between

the electrodes. As the electrodes are very close to-

gether, and as the area of the cell is considerable, this

appeared at first to be a serious difficulty. The prob-

lem was solved by utilizing the intermittent action of

the mercury in the sections to control the operation of

a device for feeding the brine. Cup-shaped recep-

tacles S, equal in number to the sections of the decom-

posing chamber, are formed in the cover .V of the de-

composing compartment, these receptacles being con-

nected by a common channel T at their upper ex-

tremities. Through the bottom of these cups, glass

tubes U extend downward between the anodes, the end

of each tube terminating below the surface of the mer-

cury, at a point near the middle of each section.

Brine is fed into one of these cups from an outside

source, and when the cup is full the brine overflows

into the channel, filling each of the cups in turn. As

long as the sections are filled with mercury, the bot-

tom of the tubes are sealed, so that no brine can flow

into the cell ; but as soon as the mercury is withdrawn

from one of the sections the seal is broken on the cor-

responding tube, and a definite quantity of concen-

trated brine, corresponding to the size of the cup,

flows into that individual section. As this brine has a

greater specific gravity than the partly electrolyzed
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brine in the cell, it sinks to the bottom and spreads

laterally, forming a layer about 1/16 in. (1.56 mm.)
thick over tlie glass plates. When the purified mer-

cury again fills the section, the new brine, free from
chlorine, acts as a protective layer to it, and is in its

proper pusnion for being elect rolyzed. Moreover, as

the brine enters the cell at a time when the section is

empty, it causes no agitation of the mercury, and con-

sequently facilitates no secondary reactions.

The action of the oxidizing chamber of the cell

could hardly be more simple, and it has the distinct ad-

We have overcome this trouble by means of a very

simple device. Holes about % in. in diameter and

K in. deep are bored at frequent intervals in the

graphite slabs, and these holes are filled with pure
mercury before starting to operate the cell. This pure

mercury makes, of course, an effective contact with

the graphite walls of the holes, especially as it is

under a relatively high head, and, as it is also in con-

tact with the sodium amalgam which flows above it, it

forms a connecting link between the sodium amalgam
and the graphite. Moreover, as sodium amalgam is

O

r-Qf" ,

Fig. 2—Whiting Electrolytic Cell—Cross Section.

vantage of being automatic. The graphite slal.s are

so designed as to form a large number of channels

through which the mercury flows. The sides of these

channels extend upwards into the caustic solution, and

form, with the amalgam, a galvanic couple, which

serves to decompose the amalgam. The principle of

this action is by no means new, but so far as I know
it has never been successfully employed in an electro-

lytic cell until now. The difficulty lay in maintain-

ing a proper contact between the amalgam and the

graphite. It is easy to secure contact at first, but after

the action has proceeded for a varying length of time,

the graphite tends to become polarized by the hydrogen

given ofif at its surface, until the necessary contact

between it and the amalgam is destroyed.

lighter than mercury, and as the holes are narrow and

deep, there is little tendency for the sodium to diffuse

downwards ; consequently the mercury in the holes re-

mains pure, and, as there is no action between it and

the graphite, there is no serious polarization of the

walls of the holes, and, as a result, the original con-

tact between the mercury and the graphite is not

destroyed.

In practice, this galvanic action proceeds at a very

vigorous and uniform rate until all the sodium in the

amalgam is oxidized, when it automatically stops, pure

mercury being delivered to the rotary pump to be re-

turned to the decomposing chamber.

This method of oxidizing amalgam is superior, I

think, to that employed in any other cell operating on
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a commercial scale. It requires no attention, being at

all times automatic, and is free from mercury losses.

Caustic of almost any desired concentration may be

produced. It is only necessary to regulate the amount

of water fed into the chamber to produce the strength

desired. The caustic formed is, as already stated,

practically pure.

One of the features of the Whiting Cell is its ac-

cessibility. This is largely by reason of the construc-

tion of the cover of the decomposing compartment.

This cover is made of reinforced concrete, with edges

extending downward to loosely fit into channels made

in the top of the wall of the decomposing compart-

ment, thus forming a gas-tight, liquid seal. The anode

leads extend upwards through the cover and, while re-

movable, are so arranged that when the cover is raised,

the anodes are raised also. To the cover, likewise, are

fastened the busbar and the system for feeding the

brine ; consequently, when the cover is lifted, all the

auxiliary apparatus in connection with the decompos-

ing chamber of the cell is removed in one operation,

permitting a rapid inspection and cleaning of the cell.

There is, of course, no fixed limit to the size of the

Whiting Cell. As each section works independently,

one from another, the sections may be multiplied in

number as desired, until a cell of capacity suited to the

conditions is produced. The cell which has been

developed at the plant of the Oxford Paper Co., at

Rumford, Me., is about 6 ft. (1.8 meter) square

over all. It contains five sections, and is operated with

a current of from 1,200 to 1,400 amperes, equivalent to

a current density of over 100 amperes per square foot

(II A. per sq. dm.) of active anode surface. The

voltage across the terminals is approximately 4, and

the cells operate at a current efficiency of from 90 to

95 per cent.

The Whiting Cell is, I think, the onh- cell which can

be shut down without noticeably affecting its efficiency,

or without injury to the apparatus. To illustrate this

in a practical way, during a test run of two weeks"

duration in om^ ]>reliminary experimental plant of four

cells, the current was shut off for various reasons

eleven different times, for periods varying from a few

minutes to twelve hours, but. in spite of these many
shut-downs, the plant maintained an average current

efficiency of over 95 per cent. In case of shut-down

it is only necessary to stop the operation of the pump,

when all the mercury is automatically drawn oft" from

the decomposing to the oxidizing compartment, where

it remains until it is again desired to start the cell.

which is accomplished by the starting of the pump.

As the mercury is all out of the decomposing compart-

ment while the current is off, there is no loss of mer-

cury due to the corrosive action of the chlorinated

brine, as is the case with other types of mercury cells.

Moreover, the Whiting Cell is singularly free from

injury on account of accidents. Should there be an

unexpected stoppage of the pump, the mercury leaves

the decomposing chamber as above described. Should

one of the valves leak, the level of the mercury in die

decomposing chamber will be slightly aft'ected, with a

corresponding increase in voltage, but no serious dam-
age will be done. Should one of the valves fail to op-

erate, sodium would accumulate in the mercury of that

section, but the remainder of the cell would operate

satisfactorily. Occasionally, the cell has to be washed,

to free it from precipitated graphite dust, and from

slime which forms on the glass plates. The opera-

tion of washing a cell is, however, an extremely simple

one, and requires the labor of but one man for about

half an hour.

As the cell is operated at a temperature below 40°

C, the tendency to form chlorates is very small, and

consequently the deterioration of the graphite anodes is

reduced to a minimum. There is, of course, no depre-

ciation of the graphite slabs in the oxidizing chamber

of the cell.

As before stated, the mercury type of cell produces

pure caustic. Consequently, our cell efficiency, as far

as the caustic is concerned, is our plant efficiency.

There are no losses incident to subsequent treatment.

What flows out of the cell is our finished product,

assuming, of course, that liquid caustic is sold. The
chlorine gas escaping from the cell is 98 per cent pure,

the remaining 2 per cent being h3fdrogen, and, as the

chlorine leaves the cell at a relatively low tempera-

ture, it is unnecessary to cool it further before using

it to form bleaching liquor.

The Whiting Electrolytic Cell is not an expensive

cell to install. It is generally believed that mercury

cells are very costly, for the reason that large quan-

tities of mercury are required in their operation, and

mercury is, of course, a high-priced material. When
one considers, however, that the use of mercury elim-

inates the necessity of installing very expensive and

rapidly deteriorating multiple-effect evaporating ma-

chinery, and auxiliary apparatus for the purification

of the caustic produced in diaphragm cells, it is easy

to see that one expense largely offsets the other.

Moreover, mercury is a quick asset convertible into

cash at a high proportion of its first cost, whereas

secondhand machinery is of little value. It is my
belief that a plant of a given capacity employing the

\\'hiting Electrolytic Process would not cost materially

more than a plant of similar capacity employing any

one of the present available diaphragm processes.

The present plant, erected for the Oxford Paper

Company, has a capacity in bleach liquor equivalent to

about five tons of bleaching powder per day. am! pro-

duces, in addition, about two tons of pure caustic soda.

This plant has been operating since early in January,

and the results obtained from it have been so satisfac-

tory that its capacity is now being increased five times.

I desire, in ending this paper, to acknowledge the aid

rendered in the development of the Whiting Process

by Mr. William Hoopes, of the Aluminum Company of

America ; by Mr. W. R. Mott, who served for a few

months as my assistant, at the time I first began ex-
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perimenting ; by Prof. C F. Burgess, of the University

of Wisconsin, who furnisheil vahial>le suggestions at a

later stage in the cell's develoi>ment ; and by Mr. A.

M. Hamblet, the present superintendent of the plant at

Rumford, whose assistance during the past two years

has been most valuable.

DISCUSSION.

P*ROF. C. F. Burgess: I have observed Mr. Whit-

ing's cell in its development, and have been impressed

with the wide diiTerence between a laboratory experi-

ment and a commercial operation ; also particularly

with the "unlawful" behavior of sodium amalgam and

chlorine. I hope some day that Mr. Whiting will give

cathode liquor obtained from the cell and how often do
the cells have to be washed ?

Mr. Jasper Whitinci: We use 350-375 pounds of

inercury per cell, equivalent to 3,500-3,700 pounds per

ton of bleach made per day. There is constant loss

due to the solubility of mercury in the alkali and brine

solutions, but this only amounts to approximately

2 per cent of the total per year. There are, of course,

other losses, due to the mechanical handling, etc.,

which might bring the total up to 6 per cent per year.

We have figured on 10 per cent in our estimates in

order to be conservative.

The caustic solution as produced at present contains

20 per cent sodium h\drate. We have made it up to

i-n^

Fig. 3

—

Whiting Electrolytic Cell— Longitudinal Section.

us a paper on "Some Troubles I Have Met and How
I Overcame Them."

Chairman" Baekeland: All electrolytic cells work
better in a laboratory than in practice : one can easily

change the details of operation in a laboratory aj)-

paratus, but it may cost thousands of dollars to inter-

rupt operation in a factory plant. I believe almost

every one of us at some time or another of his life,

has invented some electrolytic cell. Fortunatelv. the

development of most of these inventions has been ar-

rested before hundreds of thousands of dollars have

been spent upon it. The fact that the cell described

by Mr. Whiting is used in practice, increases consid-

erably the value of his communication.

I would like to ask Mr. Whiting how many pounds
of mercury he uses to a cell of 2,000-2,500 amperes,

and also whether any losses of mercury occur during

prolonged operation? XMiat is the strength of the

40 per cent, and even more concentrated solutions can

be made, we believe, if desirable. The frequency of

washing varies with the conditions of operation. 1

should say that the cover of the cell is raised once a

month on the average.

Chairman Baekeland: A rich cathode liquor is

quite desirable, and if Mr. VV'hiting can produce easily

40 per cent solutions, this is a decided advantage for

many purposes where no further concentration is nec-

essary. The frequency of washing his cell corresponds

about to that of the better class of the diaphragm cells.

Dr. J. W. Richards : Is there any loss of mer-

cury by vaporization or by carrying off as vapor by the

evolved hydrogen. Have any effects of salivation been

noted on the workmen ?

Mr. Whiting: The mercury in our cells is alwavs

covered with solution and therefore cannot vaporize.

We have experienced no trouble whatever with the
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possible evil eilfects of mercury vapor upon our work-

men.

Chairman Baekeland: How much hypochlorite

or chlorate is formed in your anode compartment ?

Mr. Whiting: We have determined the amount,

but I have no figures relating to this matter with me.

We make a strong brine and use it in a closed system

until the hypochlorites, sulphates, etc., become too

concentrated, when we then throw it away and start

anew. We have not yet determined how often this is

necessary, but this varies a good deal with the purity

of the brine and with other conditions. The impure

liquor is thrown away, as it costs more to purify it

than it is worth.

Chairman Baekeland: If chlorates and hypo-

chlorites occur in considerable quantities in the anode

liquor, they are continually electrolyzed in their turn,

and form oxygen at the anode ; after a certain per-

centage of these oxysalts has been reached, they re-

main constant. The loss of current in electrolyzing

these compounds is small, but their chief drawback

is the corrosion of the graphite anodes.

The anode question is a very serious one, because

anodes form a large item in the cost of these processes.

Dr. Acheson rendered a great service in furnishing

the electrolytic industry with graphite electrodes, which

are more lasting than the older carbon electrodes.

Platinum is too expensive to use. Graphite anodes

are less expensive, but they corrode ; in laboratory ex-

periments this corrosion may be small, but in practice,

where large groups of cells are run by ordinary work-

men instead of by experts, if ONE cell runs badly the

circulating electrolyte vitiates the whole brine system

and lowers the efficiencies in the cells and causes cor-

rosion of the anodes. At the end of the year the

books show high anode costs. The corrosion of the

anodes not only causes a loss of anodes but increases

the internal resistance by disarranging the cell condi-

tions, especially as far as distance between electrodes

is concerned. For instance, if the cells have been de-

signed for a working distance of ^ in. between the

anode and cathode, after corrosion the ends and faces

of the anodes will become very irregular and cause

very different current densities at different parts ; with

the results of producing very different electrolytic con-

ditions from those for which the cell was designed.

Such small details as these are of the greatest impor-

tance in commercial work, and frequently decide the

practical value of a cell.

Dr. Richards: Would a paraffined graphite elec-

trode, such as Mr. Turrentine uses in his electrical

analyses, decrease the corrosion?

Chairman Baekeland: We have tried paraffin on

graphite anodes but it is quickly attacked by chlorine.

In Germany other anodes have been tried, such as cast

iron oxide electrodes. These resist chlorine, but there

seems to exist some difficulty in producing this kind

of anode.

Mr. Whiting : We do not paraffin our anodes. We
have tried paraffining them, but without success.

Chairman Baekeland: In commercial operations

such small details as proper connections for the anodes

may give much trouble, and often devices which look

clumsy on first sight give better results in practice

than connections designed with much care and fore-

thought and which, notwithstanding their apparent su-

periority, cause bad contacts and increased voltage. It

has happened that a cell however carefully planned in

principle lost its advantages by some such seemingly

trivial detail.

A general plan of calcining plaster—the size and

weight of machinery depending upon the capacity de-

sired—is given as follows in a report of the U. S. Geo-

logical Survey on the gypsum induLtry in 1909: The
gypsum rock is crushed first in a jaw crusher; sec-

ond, in a pot crusher; and then it goes to a rotary

kiln drier. This drier is erected in brickwork like a

boiler, and is equipped with an automatic feeder.

If soft coal or wood is used as fuel, care must be

taken that the products of combustion do not come

in contact with the materials being dried, on account

of the danger of discoloration. Fuel of any kind—oil,

gas, coke, wood, or coal—is suitable. This drying

process eliminates 10 per cent of moisture. Next,

the crushed rock is sieved in a trommel, generally to

24 mesh. The material that does not pass the sieve

is ground in burr mills, and this product, with the

screenings from the trommel, is ready for boiling.

The boiling is done in a large kettle with wrought-

steel sides and cast-iron or very heavy steel convex

bottom. Flues pass through the kettle near the bot-

tom and distribute the heat, which is applied below

the kettle and passes around the lower part of the

sides, through the flues, and then around the upper

part of the sides and out at the stack. Inside the

kettle is a shaft, which propels stirrers below the

flues and mixing paddles above. The kettles are

heavy and rest on brickwork. The ground gypsum

is fed from bins into the kettle, and is constantly

stirred and boiled until the remainder of the free

moisture is expelled. The temperature of this pre-

liminary boiling should not exceed 265° F., for at a

higher temperature the water of crystallization, or

combined water, begins to separate, and then the

separation must be completed or the calcination will

be a failure. To remove the necessary three-fourths

of the combined water the material is then heated

steadily to a temperature of 390° to 395° F. Care

must be taken not to allow the temperature of this

second boiling to exceed 400°, or all the combined

water will be expelled and the plaster will lose its

setting properties. When properly boiled the gyp-

sum settles and may then be discharged through a

gate on the side near the bottom of the kettle. After

boiling, the plaster should be screened again through

40-mesh wire cloth, and the oversize should be re-

duced in a finishing burr mill.
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THE PURCHASE OF COAL ON AN EFFI-
CIENCY BASIS.*

The most economical coal to buy is the one that will

make steam for the least cost, all things considered.

This does not mean necessarily the cheapest coal, or

even the coal which will evaporate water at the least

cost, considering the price of coal alone. These facts

were the basis of a paper on the purchase of coal on an

efficiency basis, which was read before the New Eng-

land Water Works Association on February 9 by Mr.

A. O. I>oane, division engineer of the Metropolitan

Water and Sewerage Board. The first step in formu-

lating specifications, he said, is to find out what kind

of coal will give the best results in the particular plant

where it is to be used, and to make such requirements

as will insure the delivery of the desired quality.

The principal points which should be covered by the

specifications are as follows : The total amount of coal

desired, the rate of delivery, the appro.ximate propor-

tions of lump and fine coal, a statement of the approxi-

mate composition of the coal desired, including the

percentages of ash, sulphur and volatile matter ; the

heat units per pound desired, and the maximum lim-

its of ash, moisture, sulphur and volatile matter which

will be accepted. There should be stated the method

of determining the amount to be paid for, whether by

bill of lading or by delivery weights, the methods of

taking samples, for conducting tests, for making cor-

rections in contract price for quality, and there should

be clearly defined a provision for settlement of differ-

ences which may arise between dealer and consumer.

Provision should also be made for purchasing a lim-

ited amount of coal from other dealers for test pur-

poses, if so desired, for procedure in case the con-

tractor fails to deliver coal when required, and for

increasing or diminishing the contract amount by a

certain percentage if conditions of operation make
such a course advisable.

Some of the considerations which ordmarily govern

a purchaser in selecting the proper kind of fuel, and

the effect of the impurities and other constituents of

the coal, were outlined by Mr. Doane substantially as

follows

:

The location of the plant is an important matter, for

it determines the freight rate and cost of whatever

teaming may be necessary. As the transportation

charges are generally the same per ton for all grades

of coal, it follows that the larger the proportion of this

expense is to the total cost of the coal, the more ad-

vantageous it is to use the higher grades of fuel. It

is important to select a kind of coal which will not be

subject to annoying and expensive interruptions in

delivery.

If the transportation rates are such that the pur-

chase of lower grade coal would apparently be profit-

able, the plant equipment and conditions of operation

•From the Engineering Record.

should be carefully considered to see if there is suffi-

cient boiler capacity when burning fuel of low-heat-

ing value, and if the grate and draft conditions are

suitable. If the plant is not suitably arranged, a study

should be made to determine if the probable saving

resulting from using the low-grade coal will warrant

the expense of any changes in equipment which may
be necessary. A study of the labor conditions is also

important, as the poorer the quality of coal the greater

the amount that has to be handled, resulting in an

increase in the work of keeping the fires in order and

of removing the ashes.

The size of coal is also of considerable importance,

uniformity of size, as a rule, giving the best results.

Some of the best steam coal is of a very friable nature,

and, if subjected to several handlings before reaching

the consumers' bins, it may be delivered in a powdered
condition. Coal in this form has a tendency to clog

the air passages in the fuel bed, causing imperfect

combustion, and to fall tlirough the grate into the ash

pit, thereby increasing the waste. The effect of fine

coal is particularly bad when the smaller sizes of an-

thracite are used with it. On the other hand, some
semi-anthracite coal is exceedingly hard and is deliv-

ered in large lumps, which break the coal-handling

equipment and cause extra labor in the fire room, as the

lumps have to be broken up with a heavy hammer be-

lore they can be burned.

The amount and composition of the ash have much
to do with the value of a coal, for freight and handling
charges must be paid on the incombustible material,

and, in many cases, the ashes have to be carted away
at considerable expense. A coal with a large per-

centage of ash clogs the fire, thus checking the draft

and causing incomplete combustion and requiring more
frequent cleaning of the fire, which causes a waste
of coal, as a considerable amount of combustible ma-
terial is carried into the ashpit with the clinkers. In

such a case, moreover, the fire doors have to be opened
more frequently, thus cooling off the gases and causing
unequal expansion in the boiler plates, and the ash is

heated to the furnace temperature and much of this

heat is wasted. The fusible constituents of such a coal

form clinkers, which increase the labor of firing and in-

terfere with proper combustion. The percentage of ash
may be considerably reduced by careful preparation

at the mine.

There is some moisture, generally about i per cent,

in the coal when mined, and as coal is transported in

open cars, the amount of moisture may be either

diminished or increased, according to weather condi-

tions prevailing during the time the coal is exposed in

the cars. Ordinary bituminous coal will hold about 5
per cent of moisture without dripping. This water is,

of course, worse than useless to the consumer, as he
has to pay all charges on it, and, in addition, loses

the heat required to evaporate it and superheat the
steam in the furnace. Coal containing a large amount
of moisture, if delivered in cold weather, is exceed-
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ingly hard to unload, as tlie contents of the cars are

frozen into a solid mass, requiring hard labor with the

pick to break.

Sulphur generally occurs in coal as iron pyrites, sul-

phide of iron, sometimes in cubical crystals resem-

bling glass or in combination with lime as sulphate of

calcium or gypsum. It also sometimes occurs in a

free state.

While sulphur is combustible, its heating value is

less than one-third that of carbon. A considerable

amount of the sulphur in coal does not bum, but re-

mains in combination with the other constituents of the

ash, causing the worst kind of clinkers, particularly if

the coal is high in sulphur and iron ; with a small per-

centage of ash, it forms a tough slag, which is almost

impossible to break up, which in some cases unites

with the cast-iron grate bars and quickly ruins them.

The sulphur which is burned forms a gas which, in the

presence of moisture, generates an acid which quickly

corrodes the iron work of flues and stacks, while the

ashes and clinkers which gather on metal surfaces also

have a powerful corrosive action if they become moist.

It was foniierix- thought that sulphur was the cause

of the so-called spontaneous combustion of coal, but,

although it is a fact that coals containing a high per-

centage of sulphur often give trouble from heating,

there are coals which contain but a small amount of

sulphur in coal and is far too small to account for the

rise in temperature of the pile, even if it were all oxi-

dized, which is never the case. While the cause of

heating is not fully understood, it appears to be due

to the structure and mechanical condition of the coal

rather than to its chemical composition. Some coals

seem to have the property of absorbing oxygen, with

consequent rise in temperature, and as tlie heat in-

creases, the affinity for oxygen seems to increase until,

under favorable circumstances, the coal becomes

ignited.

Finely divided, freshly mined coal having a consid-

erable amount of volatile material and moisture and

stored in large masses, is apt to heat. As a rule, the

heating is not uniform in the pile where favorable con-

ditions exist, such as near partitions or around pillars,

where a supply of oxygen may be had without suffi-

cient radiation to remove the heat as fast as formed.

The small ventilating pipes which are sometimes in-

stalled with a view to preventing heating furnish ideal

spots for starting fires, in Mr. Doane's opinion.

The efifect of volatile matter in coal depends largely

on the type of furnace and boiler in which it is to be

used, as with proper equipment coal containing very

large percentages of volatile matter may be burned

with economy and practically^ without smoke. With

the ordinary steam plant, however, coal having a vola-

tile content below 22 per cent will prove more efficient

and give less trouble on account of smoke.

The combustible volatile matter consists principally

of hydrocarbons, methane or marsh gas (CH^) being

the most important. Ethylene defiant gas (C.H,) is

also a constituent. A considerable proportion of the

volatile matter is noncombustible, consisting of water

of composition which is not driven off at the tempera-

ture of the drying oven. The inert matter varies from

about 4 per cent of the total weight in eastern coals to

14 per cent in western coals. There is also from i

to 15^ per cent of nitrogen and small quantities of

carbonic acid gas (COj). The combustible portion of

the volatile matter has a high heating value, owing to

the hydrocarbons. Methane has a calorific capacity of

23.600 while carbon has 14,544 and sulphur 4,050

b. t. u. per pound. Consequently, a high volatile coal

will often give a high result when tested in the calo-

rimeter, but when burned in the furnace the evapora-

tion results may be disappointing unless the equipment

is suitable. The volatile matter distills off rapidly from

the green coal, tending to lower the furnace tempera-

ture below the ignition point ; it is also difficult to get

the gases mixed with the proper proportion of highly

heated air and provide space enough for them to be

completely burned before coming into contact with the

water-heating surfaces of the boiler.

For this reason it is important to limit the percentage

of volatile matter to an amount which will give satis-

faction in the particular plant where the coal is to be

used.

The Linde Air Products Co., which has two plants

in operation in this country—one at Buffalo and one at

East Chicago, 111.—has recently increased its capital

from $500,000 to $1,000,000 and has acquired sites at

North Trafford, Pa., and at South Elizabeth. N. J., for

two new plants. The two plants will be completed

and in operation by June of this year. Contracts also

have been placed for the equipment. Part of the ma-

chinery, however, will be built at the company's own-

shops in Buffalo. Demand for oxy-acetylene appara-

tus has greatly increased in Pittsburg district in the

past 12 months, and has necessitated the establishing

of a plant at Pittsburg. The company, which is an

English corporation, makes liquid air, which is sup-

plied to steel casting plants, steel works and foundries.

The Trafford plant will permit of the construction of

pipe lines leading from the factory to the important

consumers. This proposed line will lead to all of the-

East Pittsburg and Wilmerding plants of the Westing-

house companies, and also to McKeesport, East Mc-

Keesport and Homestead. The new plant will be within-

convenient distance of the new Westinghouse foun-

dries at Trafford city. The first of the buildings of

the new works will be of steel and brick, 152 ft. wide

and 117 ft. deep. Other structures will follow as the

business develops.

.^n official report estimates the number of Para rub-

ber trees under cultivation in Cochin China at over

1,000,000, of which about 15,000 are being tapped.

Present plans contemplate the planting of 4,000,000-

trees additional as soon as the work can be done.
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DIRECT MANUFACTURE OF SULPHATE OF
AMMONIA—NOTES ON SOME EX-

PERIMENTS.*

By G. STANLEY COOPER, B. Sc.

For some months the writer and a colleague have

been engaged in experimental work on the manufac-

ture of sulphate of ammonia by the direct method.

Various workers have devised schemes on similar

lines to tliose published by us, and many investigators

still find the same old trouble in dealing with the neu-

tralization part of the process. If the acid in the sat-

urator is too strong, deposition of sulphur and tar

takes place. A strong acid is desirable, as it con-

duces to the production of solid sulphate of ammonia
with a minimum of waste heat. If the acid is weak,

sulphur and tar do not tend to deposit very much, but

a solution only of sulphate is produced, and no solid

salt. This entails a separate evaporation, in order to

procure crystals, and this, of course, means additional

expense both in heat and in wear and tear of the ves-

sel. The introduction of a steam coil for evaporation

purposes by the Chemical Enginering Company is a

good move, but here, still, there is the cost of steam,

which is not negligible by any means.

There has been introduced on the Continent various

plants worked on the system of Herr Karl Burkheiser

—a truly direct process, for there the sulphur in the

gas is converted first into sulphur dioxide, and then

into sulphate.

The writer's efforts have been directed towards the

working of a plant in which a fairly strong acid

could be used, thus reducing the necessity for much
evaporation. It was necessary, therefore, at the same

time to devote attention to the extraction of as much
tar as possible, and also to prevent the depKjsition of

sulphur in the acid by the action of the sulphuretted

hydrogen. This gas acts on the acid (if the latter be

too strong), and sulphur is deposited: Thus: H.,S-|-

H,SO,=2HO+SO,-fS.
Any sulphur dio.xide so produced is also acted on

by the sulphuretted hydrogen, and more sulphur is

formed. Thus: 2H,S-fSO,=2H20+3S. If these

reactions take place in the saturator, the sulphate be-

comes contaminated with the sulphur, which is, of

course, far from being desirable.

The arrangement of apparatus used is shown in the

diagram. The hot gas, as it issues from the hydraulic

main, is led directly through a long coil into the sat-

urator. The coil is surrounded by the acid, and hence

the latter gets heated considerably. At the bottom of

the coil is an overflow pipe leading into a seal pot,

v'here the products of condensation are collected. .A.

considerable amount of tar is here removed. From
the saturator the gas passes to a box or washer con-

taining hot tar, such as is now used on many gas

works as a naphthaline preventive. The gas issues

through a nozzle or spray into the hot tar, and is thor-

oughly broken up thereby. The small tar bubbles or

vesicles in the gas are also broken up and the tar re-

moved. The removal of this tar fog at some part of

the process is essential, as otherwise it is deposited

in the saturator during the neutralizing process, and
the sulphate is consequently discolored.

In order, partially, to overcome the difficulty of

sulphur deposition in the saturator, a second washer
was introduced. This washer was charged first with

a strong solution of ammonium sulphate and in later

experiments ammoniacal liquor. Precisely what the

chemistry of the process is we are not at present able

to say, but it proved to be a fairly successful method
of overcoming the sulphur trouble. Beyond this sec-

ond washer was an exhauster and a small tar extract-

or. This latter was used as an extra precaution, to

guard against deposition of tar in the saturator. The
gas then passed into the saturator, which was charged
with pyrites acid. The acid was obtained at 144°

Twaddel, and made up in the saturator at strengths

varying from 55° to 100° Twaddel.

The arrangement was found to work fairly satisfac-

B c
Diagram Showing Arrangement of Apparatus.

X, satiiiator; B, tar washer; C. liquoi- washer U. Pxhaiister
and tar extractor; E. coil (or heating acid; F, gas entrance from
hydraulic main; G, gas exit to purifiers,

torily, and the heat given out by the coil in the sat-

urator was sufficient to do away with any extraneous

evaporation. The saturator had two compartments,

one open and one closed and fitted with an acid seal,

so as to enable the salt to be fished out without stop-

ping the flow of gas at all. A good white salt was
produced, which showed no trace of sulphur and which

yielded on analysis 20.75 P^'' '^^"t of nitrogen.

•From American Gas Light Journal.

Increased activity in mining in countries along the

lower Asiatic coast is marked, not only in the Chinese

Provinces of Yunnan and Kwangsi, but in Indo-China.

The Courier d'Haiphong calls attention to the steady

increase in mining generally in Tonkin and particularly

notes that there was an output of over 449,000 metric

tons of coal in 1909, more than half of which is ex-

ported, mainly to Hongkong. Over 14,000 metric

tons of zinc were exported in the same year, .\mong

other items in export returns are noted tin, copper,

and wolfram. The introduction of modern machinery

and mining appliances is not rapid, but fairlv steady.
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THE VALUE OF CERTAIN PAINT OILS.* The writer has examined a number of representa-

tive samples of the oil that have come into this coun-

By HENRY A. GARDENER. try, and the results obtained can be seen in Table I.

It is evident that the iodine value of soya bean oil

The recent activity of the paint chemist in searching is the only chemical characteristic that markedly dif-

fer oils to partly replace linseed oil, has come not only ferentiates it from linseed oil. Therefore, in the de-

as a result of tlie present scarcity of the latter com- tection of soya bean oil and its estimation, the iodine

modify, but through a desire to develop a vehicle that values of several samples of mixed oils are given, as

will be'for certain technical paints even more satisfac- being of interest in this connection (Table II).

tory, if possible, than linseed oil. A series of tests were conducted to determine what

T . ,, -i > ,. ^- u *. „„„- drier was the most efficient to use with soya bean oil,
It is not the writer s intention, however, to encour- t

age the use of so-called substitutes for linseed oil. T.^BLE i.

—

chemical characteristics of soya bean oil.

The market is flooded with them at the present time,
^^^^,^^^ ^^ .^,idNo. don Na"Jodine No. oHooTs'

and a ereat danger will lurk in their use until their 1 0.9233 1.87 188.4 127.8 3.81

composition is understood or their value determined in -
d^ni l"90 187.8 1317

'.

'.

a practical way. •

4 '.'.'.'.'.'.'.'.'.'.fishz l'91 188.4 129^8

The real object of this paper is to present a sum-
pj

'.'.'.'.'.'.'.'..'.
....

'.'. '.'.

132^0
'.'.

mary of the results obtained by the writer from a series 7 .

.

.

.

136.0

of experiments on paint vehicles, which may serve
XveTSige ...0.92.34 T90 188.2 130.7

to guide other investigators along similar lines of re-
-

search. The tests outlined herein^ although of interest and the results of these tests indicated that the per-

in pointing out the possibilities of the use of many rentage of lead or manganese, or of lead and mangan-

oils other than linseed, are, nevertheless, tentative in ese, which gave the maximum efficiency in the drying

nature and subject to confirmation through practical of l^seed oil, gave also to soya bean oil the best re-

field exposure tests before they are to be accepted ^"Its. The methods used in carrying out the tests

• „ were the same as on linseed oil, referred to later in
commercially.

It is well known that a most desirable feature of
. , ^

'.

,., r , 1 . • • u j
., . , .

, , . , ^ A definite quantity of oil was placed in weighed
paint oils is their ability to set up in a short period to

.

'

u j ^*«,'^

. , , , .,, ,,,.,, Ml ^ J fnction-top can covers, which were re-weighed after
a hard surface that will not take dust, that will stand L

abrasion and ofl:er resistance to moisture and gases. table ii.-iodixe vahe|^of linseed ml and mi.xe|^oils__

This drying property is dependent upon the chemical per cent
;

per cent
;

per cent

;

, ^, -1 Tr •<- i t J ~ ^ .„A Straight linseed. linseed, linseed,
nature of the Oil. If it is an unsaturated compound, sample No. linseed. 7.5 per cent. 50 per cent. 2.5 per cent,

like linseed oil, rapid absorption of oxvgen will cause 1 190.3 175.2 160.7 140.4

, £, , , •,, , , .J rr .. -1 2 189.5 175.9 161.7 140.8
the film to dry rapidly and become hard, if the oil

g jgg^ ^-^^ jgQ3 1390

be of a fully satisfied nature, like mineral oil, for ex- ——

-

—;

—

ample, oxygen cannot be taken up to any great extent -^veraRe > . ... 1_^ )_^

and drying will not take place. The various animal receiving the oil, to determine the amount used for the

and vegetable oils diflFer in their power of oxygen test in each case. The tin covers containing the oil

absorption to a lesser or greater extent. This differ- were then placed in a large box under definite tem-

ence is referred to by the chemist in terms of the perature control and humidity, for a certain period

iodine value. The iodine value of linseed oil is ap- Weighings were made at different periods, and the

proximately 190, meaning that one gram of the oil increases in weight, due to absorption of oxygen, was

will take up 190 centigrams of iodine. calculated to percentages.

Soya bean oil which has presented itself as a claim- Table III gives the results obtained. The time of

ant for distinction in the list of paint oils, is now drying was somewhat longer than with linseed oil.

being imported into this country in large quantities. Several test panels were painted with zinc and lead,

It is obtained from the seeds of Soya Hispida, a plant alone and in combination, using linseed oil, soya bean

indigenous to Manchuria, but raised extensively in our oil, and mixtures of the two. No driers were used in

own Southern states as a cattle food. these paints, as the object of the tests were to deter-

—-=- .^ , , , ,u t:. , V T .If » mine the drying action of the oils, without driers. The
•From the Journal of the Frankim Institute .f --
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drying of the hnseed oil paints was very good in less

than two days, while the straight soya bean oil re-

quired -nearly four days to set up, and was then tacky

for a long period. Laboratory tests of a preliminary

nature made with mixtures of the two oils, ground

with pigments, so far have indicattd that a moderate

percentage of soya bean oil is not detrimental when

used with linseed oil.

The writer has found that a few drops of soya

bean oil placed in a porcelain dish will give with

a drop of strong sulphuric acid, faint fluorescent yel-

low and green colors, forming a pattern distinct from

the dark-brown begonia-shaped leaf formed by sul-

phuric acid with pure linseed oil. Many other qualita-

tive tests have been tried to detect the presence of soya

oil in admixture with linseed oil. Soya oil seems, how-

ever, not to possess the chromogenetic properties of

oils, such as cottonseed oil.

Tung oil, or Chinese wood oil, as it is often termed,

has been considered heretofore as an oil most valuable

in the manufacture of varnishes, but seldom if ever to

be used as a paint oil. As a matter of fact, however,

in manufacturing, certain technical paints for the pro-

tection of concrete and steel, the waterproofing of

structures, and for other purposes, the manufacturer

may find this oil, or its products, most useful, and to

1)0 prized very highly. Toch, as well as Lewkowitsch,

have shown that metallic tungates are most excellent

driers, and the former paint technologist has indicated

their value for certain special purposes. The high

iodine number of tung oil makes it a most rapid drier,

even faster than linseed oil, but the soft and opaque

film it leaves upon oxidation, makes essential its treat-

ment by special processes when it is used either for

varnishes or for paints, except in special cases.

The writer has prepared the tungate of lead by

precipitating saponified tung oil with lead acetate. This

tungate after it has been freed from water, may be

fused with a small percentage of colophony and bo-

rate to produce a rapid drier that gives a perfectly

clear film. Experiments with this drier are referred

to later.

Menhaden oil, although of marine-animal origin,

has a high iodine value, as the following recent tests

will show

:

Sample number 1 Iodine, 149
Sample number 2 Iodine, 162
Sample number 3 Iodine, 164
Sample number 4 Iodine, 158
Sample number 5 Iodine, 161

The oil obtained from fresh fish is extremely light

in color, but the odor is objectionable, when the oil is

heated. This oil is a fairly rapid drying oil, and its

composition would indicate that it might possess con-

siderable merit. Toch claims that it is of great

value for smokestack paints, and for zinc paints ex-

posed at the seashore. Its contents of stearine might

account for certain waterproofing properties claimed

by producers and would suggest its use in paints for

the protection of iron and steel.

Some of the other oils used in these experiments will

be considered briefly. Cottonseed oil and corn oil are
both light in color, and although greatly inferior to
even soya bean oil in their drying action, should merit
further investigation.

Rosin oil, the product of the dry distillation of rosin,

is dark and viscous. It has a low iodine value, and a

high acid number that unfits it for general use as a
painting oil.

Perilla oil is very high in iodine number, even
higher than linseed oil, but it also is very scarce. It

is obtained from the Perilla nuts, grown in Manchuria
and the East Indies. Its iodine number is 206, but
Lewkowitsch claims that its drying action is accom-
panied by a peculiar "dropping" of film. This condi-
tion might be overcome by special treatment. The
writer has not made any experiments on this oil.

Waste oil, or the mixture of fatty acids, and
glycerides obtained from the garbage in large cities,

is being produced and used in great quantities as soap
oils, but the investigations of the writer on several

samples have shown this product to be of small value
as a paint oil.

TABLE iir

Percent Pbo.
SOYA BEAN OIL AND LEAD DRYER

0.05 0.10 0.30 0.50 0.70 1.00 1.30 1 60
1 day . . 0.07 0.63 1.34 1.05 1.53 0.93 1.35
3 days . . 0.07 .3..52 4.31 2.75 4.86 4.82 4.12

Per cent gam 5 days . . 0.09 5.04 6.06 6.09 6.75 6.75 6.66
12 days .

.

. . 6.88 7.54 7.43 7.76 7.32 6 47
15 days .

.

.

.

8.84 8.93 8..59 8.81 8.44 7.46
20 days 0.05 0.20 9.02 9.08 8.90 9.03 8 65 7.83

TABLE III.—SOYA BEAN OIL AND MANGANESE
Percent MnO= 0.01 O.O.", 0.1.-, 0.26 0.30

1 day . . . . 0.02 0.02 0.01
Per cent gain 10 days . . ."i.iMi ii.48 6.10 5.97

20 days 0.05 9.07 8.80 6.78 6.51
TABLE III.—SOYA BEAN OIL, MANGANESE AND LEAD DRYEB

Per cent PbO. 0.20 0.30 0..50

MnO. 0.05 0.15 0.25

1 day 3.04 8.77 3.74
Per cent gain 8 davs 5.96 6.43 6.47

12 days 6.-33 6.78 6.67

Its use in combination with linseed oil to produce
a soft, elastic, water repellant film for paints to pro-

tect iron and steel submerged in sea water should be
studied.

There are several blown and oxidized linseed and
other oils upon the market that are so thick that 50
per cent of benzine or other diluent is required to

reduce them to painting consistency. There are also

TABLE IV.—CONSTANTS OF VARIOUS OILS.

Specific

gravity.
Linseed oil 0.9.34

China wood oil.... 0.942

Soya bean oil 0.922

Menhaden oil 0.935

Sunflower oil 0.929

Cottonseed oil 0.923

Corn oil 0.924

Rosin oil 0.989
Waste oil

several debloomed mineral oils which resemble linseed

oil only in viscosity and their value should be looked

into with great care before they are used.

There are on the market many so-called Japan oils.

The base of many of these oils is melted rosin, thinned

with some linseed oil and large quantities of benzine.

Iodine
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Their use is not to be recommended until practical

tests of their value have been made.

A table (Table IV) of constants of various oils was

made from recent experiments, the oils being subse-

quently used for the tests referred to in Table V.

The following drying tests (Table V) were made

by painting thin films of oil on glass plates, exposing

to the atmosphere, and carefully observing the time

of the drying. These tests do not indicate the wearing

value of the oils tested, but are simply criterions of

their relative drying values. Although sample No. 2,

which is untreated tung oil, dried with Drier X more

rapidly than untreated linseed oil with Drier X, it is

the writer's opinion that the linseed oil would be the

more serviceable. The pine oil is not that of com-

merce, but a product of the refining of wood turpen-

tine. "Drier X" referred to was strong lead and man-

ganese linoleate drier.

T.\BLE V.—riKVINl^ TEST OF OILS.

Sample. ^°"o?
No. 1. *Pine oil with 10 per cent Drier X 2V2

No. 2. Tung oil with 10 per cent Drier X 2%
No. 3. Linseed oil with 10 per cent Drier X 3

I
Linseed oil. . . .25 per cent I

I

Soya bean oil. .25 per cent
|

4. \ Menhaden oil. .'-'5 per cent

i
Tung oil 15 per cent

I Lead tungate..lO per cent

J
Linseed oil ... 75 per cent j , j,,^^ p^,^^ ^ 3

( Chinese w d oil.2o per cent \

6 J
Linseed oil.... 75 per cent ( , „^^^ p^-^^ ^ H

I *Pine oil 2o per cent )

(Linseed oil 50 per cent "I

- J
Menhaden oil. 25 per cent [ 3^4

'
1 Soya bean oil. 15 per cent f

[Lead tungage. .10 per cent
|

No 8. Menhaden oil with 10 per cent Drier X 3%
No. 9. Soya bean oil with 10 per cent Drier X -iVz

f
Linseed oil. . .80 per cent 1

No. 10. \ Waste oil 10 per cent \ with 10% Drier X. 6/2

[Lead tungage. 10 per cent
J

No.

No

No.

No. 11.

No. 12.

No. 13.

No. 14.

No.
No.

\ Linseed oil

( Soya bean oi

S Linseed oil

J^Corn oil. .

S Linseed oi

i Cottonseed oi

5 Linseed oil.

.

I Rosin oil...

Corn oil with
Cottonseed oil

7.5per cent)
J ,^^ Drier X. 4

1.25 per cent
)

..7.5 per cent ( ^.^ ,^^ ^^-^^ ^ ^y^

. .2o per cent \

..7.5 per cent
j ; , ^^ ^^-^^ y^ gy^

il.2u per cent \

..7.5 per «nt ( .

^ (,^ p^;^^ j^ jq
. .2o per cent )

10 per cent Drier X 8

with 10 per cent Drier X

No. 17. Rosin oil with 10 per cent Drier X.

Pine oil referred to

point distillate of wood

( Not dry

( in 2 days

is not rosin oil. but the high boiling

turpentine.

The only practical field tests made by the writer thus

far on the value of oils, other than linseed oil, are

those at Nashville, Tenn., where a fence has been

erected, consisting of 42 tests of white paints. In

these tests pure linseed oil was used, except in formu-

las 31 to 42.

On these tests there have been placed one formula

which has given satisfaction on the various other

test fences erected, and this formula has been made

up with combinations of linseed oil and other oils.

One of the oils tested is called pine oil, a high-

boiling-point product obtained from the manufacture

of wood turpentine from sawdust. This has a boiling

point of over 210° C. as against 150°, the boiling point

of ordinary gum spirits. It is almost water white and

has the same penetrating qualities as the pure gum
spirits, and is almost free from that objectionable

odor characteristic of so many low-boiling-point prod-

ucts. When mixed with 50 per cent linseed' oil this

product forms a paint oil of extremely light color, and

most excellent properties, producing a semi-flat paint

of great whiteness. If exposure tests prove this oil as

worthy as the tests thus far show, it would appear

to be of great importance to the Southern manufactur-

ers to produce this material in quantity, by fractional

distillation of the crude spirits. Its iodine number is

high and its oxygen carrying properties are good. Its

evaporation leaves a durable film.

The tests referred to on the Southern Test Fence

are as follows

:

COMPOSITION OF FORMUL.VS.
Per Cent.

[Corroded white lead. 45]

No. Sl.fes,^^'";::;;:;:: IJ Ground in pure Imseedoil.

I
Calcium carbonate. . . 5 J

100

No. 38. Same as No. 31, but ground in 50 per cent raw lin-

seed oil, 50 per cent soya bean oil.

No. 30. Same as No. 31, but ground in 50 per cent raw lin-

seed oil, 50 per cent corn oil.

No. 40. Same as No. 31, but ground in 50 per rent raw lin-

seed oil, 50 per cent cottonseed oil.

.\'o. 41. Same as No. 31, but ground in 50 per cent raw lin-

seed oil, 50 per cent rosin oil.

No. 42. Same as No. 31, but ground in 50 per cent raw lin-

seed oil. 50 per cent pine oil.

Driers.—The problem of drying of oils and their

behavior with various siccatives in var\'ing quantity

is an interesting one, and, obviously, of considerable

importance from a practical standpoint. Unfortunate-

ly there is a decided scarcity of reliable literature deal-

ing with the subject for the guidance of those con-

cerned in the manufacture or application of siccative

products. Furthermore, when the problem is investi-

gated, it is not difficult to see why this is so.

At a glance, it is evident that a decided obstacle in

experimentation on the drying properties of oils, is the

difficulty in obtaining identical conditions for com-

parative purposes. Inasmuch as a multitude of factors,

such as uniformity and homogeneity of the driers and

the oils themselves, intensity and source of light, tem-

perature, uniformity of application, and many others,

play a decisive part in the siccative tendencies of oils,

the resources and ingenuity of the chemist engaged in

the research are severely taxed.

It is a well-known fact that linseed oil, when ap-

plied to a clean surface, such as a glass plate, will

undergo oxidation and take up oxygen to the extent of

about 16 per cent, forming a hard, elastic, non-sticky

product which has been called linoxyn. This material.

1
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unlike the oil from which it has been formed, is in-

soluble in most solvents. Other oils, such as cotton-

seed, hemp, rape, olive, etc., are more fully satisfied in

nature and have not the power to absorb the amount

of oxygen taken up by linseed oil. It is said that

perilla oil, however, will absorb as high as 20 per cent

of oxygen.

In carrying out the following tests, on the drying of

oils, a quantity of pure lin.seed oil of the following

analysis was secured

:

Specific gravity at 15 degrees C 0.934

Acid number 5

Saponification number 191%
Iodine ninnber 188

This oil was distributed into a number of 8-oz. oil

sample bottles, and to a .series of these bottles was

added varying quantities of a very concentrated drier

made by boiling oil to 400° C. in an open kettle, with

the subsequent addition of lead oxide. The amount

of drier added to each bottle varied according to the

percentage desired ; being calculated on the lead con-

tent of the drier, which was very accurately deter-

mined by analysis.

There was secured in this manner a series of oils

containing varying amounts of lead oxide, and from

this lot was selected a certain number of samples

which would be representative and typical of paint

vehicles now found in the market.

Another series of tests were made by combining

with a large number of samples of pure linseed oil as

used above, various percentages of a manganese drier

made by boiling oil at 400 degrees and incorporating

therewith manganese dioxide.

Still another series of tests were made upon a num-

ber of oils into which were incorporated various small

quantities of lead oxide and manganese oxide to-

gether, using the standard driers made in the above

manner, all of which were carefully analyzed to de-

termine their contents.

In view of the errors in manipulation that could

occur where so many tests were made, it was not

deemed advisable, in carrying out the tests, to use

glass plates, on which only a minute quantity of oil

could be maintained. A much better solution of the

difficulty presented itself in using a series of small,

round, crimped-edge tin plates about three inches in

diameter, such as are used for lids of friction-top cans.

With paints it is impossible to secure films as thin as

those presented by layers of oil on glass, nor would it

be desirable to secure films of this same relative thick-

ness. For this reason, an endeavor was made to con-

duct the following tests with films of the same rela-

tive thickness as that possessed by the average coat-

ing of paint. The drying of the films did not take

place in the same short period, nor in the same ratio as

with the thin layer that is secured by flowing oil upon
glass. The results, however, are more practical, and

of greater value to the manufacturer.

Tlie cans were carefully nutnbered in consecutive

order, corresponding to the numbers on the various

samples of oil. A very small quantity of oil was placed

in each of the can covers, which were previously

weighed, and allowed to distribute itself over the bot-

tom surface thereof. Re-weighing of the covers gave
the amount of oil which was taken for each test. The
test samples in the covers were all placed in a large

box with glass sides, having a series of perforated

shelves. In the side of this box is an opening through

which a tube was passed, carrying a continual current

of air washed and dried in sulphuric acid.

Oxidation of tfie oil films commenced at once, and
the amount of oxygen absorbed was determined at suit-

0.4.5 0.5-5 0.70 1.00

3.21 3.4C 3.27 8.01 2.76

3.63 4.01 2.70 3.51 3.18

3.83 4.31 . . . 3.91 3.18

4.i.3 4.68 4.i9 3.91 3.99

4.37 . . . 4,51 4.32 4.13

4.48 . . . 4.61 4.52 4.23
4..55 5.23 4.77 4.62 4.44

4.63 5.40 4.04 4.70 4.51

4.81 5.47 . . . 4.98 4.73

T.\nLE VI.—UNSEED OIL .\ND MNO: (MANGANESE) DRYER—TEST
NO. 1.

Per cent MnO-. 0.02 0.05 0.15 0.25 0.3.5

1 day 0.08 0.11 0.16

2 days 0.16 5.88 4.48

3 days 0.21 6.79 4.61

4 days 4.64

5 days .3.01 6.84 ...

6 days 8.00 . . . 4.88

7 days 8.58 6.92 4.90

Per c"t gain 8 days 9,06 ... 5.03

9 days 5.12

10 days 9.07 6.89 5.18

11 days 9.15 7.03

12 days
13 days 9.22 7.17 5.25 6.00 5.60 5.42 5.33
14 days 9.25 7.18 5.55

20 days . . . 7.21 5.81 . . . 5.84 6.70 5.94 5.84 5.77
-Above percentages of dryer reckoned to metallic content.

able periods, by weighing, the increase in weight giv-

ing this factor. This test was kept up for a period

of 20 days.

A test was also made in the same manner with a

current of damp air passing into the box, to observe

the relative oxidation under such conditions.

The experiments consumed considerable time and

effort. A chart of the results obtained have been made
(Table VI), to show the effect of the various driers.

The following outline will present to the mind of

the reader the most salient points which have been

TABLE VII.—LINSEED OIL
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more, the oxidation of manganese oils seems to be rela-

tive to the increase in manganese up to a certain

period, when the reverse of this law seems to take

place, and beyond a certain definite percentage of man-

ganese, added percentages seem to be of no value. It

was furthermore observed that the films dry to a more

brittle and harder .skin than is the case with lead

oxide.

The oxygen absorption with oils high in manganese

has been noticed to be excessive, and the film of oil

becomes surface-coated, drying beneath in a very

slow manner, a condition that often leads to checking.

The critical percentage where the amount of man-

ganese appears to be most propitious and renders the

greatest efficiency seems to be 0.02 per cent. This

box in which the samples of oil were drying, were dis-

colored and turned brown after several days, show-

ing that the acid had taken up some material of a vola-

tile nature that was a product of the oxidation.

Another curious feature of these tests was the de-

velopment of a peculiar aromatic odor which was

given off by the oils upon their drying in dry air.

When the oils were dried in moist air, a rank odor

resembling propionic acid was observed, and this led

the observer to believe that a reaction was effected

by the absorbed oxygen, that caused the glycerin com-

bined with the linoleic acid as linoleon to split up into

evil-smelling compounds.

It has been suggested that the oxygen first attacks

the glycerin, transforming it into carbonic acid, water

Per cent PbO. 0.00

1 day 0.042

2 days 0.098

3davs 0.128

4 days 0.164

5 days 0.176

Per cent gain 6 davs 0.188

7 days 0.206

8 days 0.212

9 davs 0.226

13 days 0.327

15 days 0.466

20 days 0.521

TABLE Vni.—LINSEED OIL AND P
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It has been fouiul tliat mt-tallic lead is even more effi-

cient than copper in this respect. Init this may be due

to the action of free acid in the Hnseed oil, forming

lead linoleates. products that greatly accelerate dry-

ing. Another interesting experiment was made by

taking pieces of gauze clotli and immersing in linseed

oil. .\fter the excess oil had been removed, by press-

ing, the cloth was again weighed to determine the

amount of oil used for the experiment. The increase

in oxvgen absorption in this case was verv rapid and

the result obtained confirmed the residts in the other

experiments.

In order to secure a more evenly distributed state

of the oil, tests were conducted by saturating pieces of

stiff blotting papers and after exposure, weighing as

usual.

The influence of light on the drying of oils is un-

questionably a potent one. The practical painter knows

that a certain varnish will dry quicker when exposed

to the light than when in the dark.

Chevreul was one of the first pioneers in this field

of research to observe the effects of colored lights on

drying, and he claimed that oil exposed under white

glass dried more rapidly than when exposed under

red glass which eliminates all li.ght of short wave

lengths.

Genthe obtained interesting results in the drying of

oil submitted to the effect of the mercury lamp. Oxida-

tion without driers was effected probably through the

formation of peroxides.

In commenting on this subject Blackler gives a de-

scription of the use of the Uveol Lamp, which is sim-

ilar to the mercury lamp, but has instead of a glass

casing which cuts off the valuable rays, a fused quartz

casing which allows their passage.

In the boiling of linseed oil. by certain processes the

oil is heated to 250° and manganese resinate incor-

porated therein. It goes into solution quite rapidly.

In other processes the oil is heated to 400° or over.

and manganese as an oxide is boiled into the oil. Al-

though it is unsafe to say that a small percentage of

rosin such as would be introduced by the use of resin-

ate driers, is not harrnful, yet it appears that this

process should give a good oil, inasmuch as it has

been found that no matter whether the manganese is

added to the oil, as resinate. borate or oxide, prac-

tically the same drying effect is noticed in every case

where the percentage of manganese is the same. It is

the opinion of some, however, that the resinate driers

are not as well suited for durability as oxide driers.

However, if a boiled oil is found to contain on analysis

a small percentage of rosin (less than 0.5 per cent)

it should not be suspected of adulteration. Practical

tests, however, should be made with such oil along

with an oil made with an oxide drier, before pronounc-

ing on their relative values. Inasmuch as the addition

of certain driers to linseed oil lessens the durability of

the film, it is more practical to use the smallest amount

of drier that will serve the purpose desired, that is, set

the oil up in a paint to a hard condition which will

not take dust and which will stand abrasion.

The results of this investigation would indicate that

when lead or manganese linoleates are used, the most

efficient results may he obtained with 0.5 per cent lead

or with 0.05 per cent manganese or with a combina-

tion of 0.5 per cent lead and 0.02 per cent manganese.

Until more definite results have been obtained with

the tungates, which will probably prove of exceptional

interest as driers, the above driers will probably he

used to the ereatest extent.

Carborundum is manufactured by fusing a mix-

ture of pure granulated coke, very pure glass sand,

and sawdust. The coke is the carbonaceous residue

from the distillation of petroleum ; the sand used is

the purest .glass sand. The sawdust is added mainly

to make the mixture porous and thus to avoid ex-

plosions of the carbon monoxide produced during

the reaction. The fundamental reaction takes place

lietween the sand (silica) and the coke (carbon),

resulting in the production of carbide of silicon, or

carborundum. Diu-ing a run which lasts 36' hours

each furnace consumer 2.000 h. p. The voltage,

-tarting at about 250, is lowered as the resistance de-

creases until it comes down to a voltage of about

185. The carborundum crystals are crushed under

manganese steel rollers in a circular jian of the same

material. The crushed product is then treated in a

hath of sulphuric acid to dissolve the minute particles

of steel that have been cut from the rolls and the pan.

This method of removing the steel has been found

more satisfactorv than the method of removing it by

magnets. After the carborundum has been washed

to free it from acid it is screened into different grades

and is then readv for manufacture.

Soapy water, according to the Electrical Review of

F.ugland. will instantly wet coal dust and soak its way

into it up to the full extent. Moreover, when the

water has dried out the dust does not again become

(lust, for the soap remains disseminated throughout

the mass and the dust has become a more or less

cloggy mass, and is as effectively laid as is the dust of

a country road by tar or oil. l\xpcriments have been

made which are said to show that the treatment of a

dusty mine will be lx)th effective and cheap, and there

is not likelv to be any offensive result from the use of

soap, for if necessary the water can Ix- made a vehicle

for some form of antiseptic which will go far to im-

prove the general sanitation of a mine.

Profit sharing in the chemical works of an impor-

tant firm in Hoechst. Germany, is said by Consul Gen-

eral Frank D. Hill, of Frankfort-on-Main, to take the

form of a yearly "gratification" which varies with the

dividend paid by the company, the amount received by

each emplove l^eing dependent uiion the nature of his

services.
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EXPERIENCES WITH THE 15-TON HER-
OULT FURNACE AT THE SOUTH

WORKS OF THE ILLINOIS
STEEL CO., SOUTH

CHICAGO.*

The 15-ton Heroult arc furnace at South Chicago

has now been in more or less continuous operation

since May 7, 1908, a period of over a year and a half,

and, therefore, a few experiences of those who have

been interested in these operations will perhaps be- of

interest.

DESCRIPTION OF FURN.\CE.

Upon a solid foundation about 5 ft. above the

ground level, a stationary rack 8 ft. 9 ins. long is

fastened. Upon this rack the furnace proper rests on

a floating pinion, fastened to its shell by rivets. The

arc of this floating pinion has a radius of 10 ft. and

aims to give the furnace an angle of approximately

29° when tilted over to its full extent. The position

of the furnace when tilted is shown in Fig. i.

Attached to the extreme back of the furnace is an

i8-in. plunger with a 4-ft. stroke working in a cylinder

attached to a hydraulic line of 500 lbs. pressure to the

square inch. This gives a lifting power, approxi-

mately, of 45 tons. The balance of the furnace is so

arranged that the equilibrium is never upset, and there-

fore to return to a horizontal position merely requires

the releasing of the pressure and the furnace returns

of its own weight. It will be readily seen that the float-

ing pinion and rack work requires some provision for

the forward motion of the furnace when tipping. This

is taken <:are of by having a movable cylinder pivoted

at both the top and bottom which allows the cylinder

to follow the motion of the furnace.

THE FURNACE PROPER.

The furnace shell is of plate steel i in. in thickness,

riveted together. The outside horizontal cross-section

plan is, approximately, that of a complete circle of

iSyi ft. in diameter, with two flattened portions situ-

ated at the front and back respectively.

On the bottom of the furnace, within the i-in. plate,

and next to it, one row of magnesite brick laid the 4J^-
in. way is placed across the flat portion.

The side walls of the furnace are vertical and consist

of two rows of magnesite brick laid the 9-in. way,

giving a thickness of 18 ins. of magnesite brick. These
solid magnesite brick walls extend up to the furnace

roof.

The bottom "proper" of the furnace consists of dead-

burned Spaeter magnesite to a depth of 12 ins. at

its thinnest point, which is, of course, at the extreme

center. From this thinnest point the bottom slopes

gradually upwards so as to form a portion of a sphere

7 ft. 2 ins. in radius.

•From .an illustrated lecture bv C. G. Osborne. Superintendent
of Special Steels. Illinois Steel Co., delivered before the Chicago
Section of the American Electrochemical Society on Jan. 20, 1911.

Fig. 1—View Showing 15-Ton Heroult Electric Furnace

Tilted by 18-in. Plunger.

To diverge a moment from the construction of the

furnace, this bottom was put in in the following man-

ner : Dead-burned and carefully ground Spaeter mag-

nesite was mixed with basic open-hearth slag in the

proportion of four of magnesite to one of (jpen-hearth

slag. To this mi.xture sufficient tar was added to

make the mass sufificiently plastic to enable it to be

tamped into the furnace in the usual manner. The
entire depth of the bottom was tamped in this

way. Next the furnace was filled with wood, dried

out for about 48 hours and then filled with coke and

the electrodes lowered and the current turned on. In

this way the bottom was fluxed into place.

The furnace roof is of silica brick 12 ins. in thick-

ness. The roof is made up on a mo\-able ring. This

ring is fitted with a top and bottom angle iron to take

a skew back brick, and then from this the arch is

spanned across the lo-ft. interior of the furnace with

an 8-in. rise. The bricks are set in circles parallel to

the steel ring. The usual wooden wedges being placed
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here and there to take care of the subsequent expan-

sion of the brick. Holes for the electrodes are left

in the roof by means of temphites placed in position.

The bricks are held in position around these holes by

thei-- lateral pressure.

There are five doors, two on each side of the fur-

nace, and one in front over the pouring spout. These

doors are of cast-iron lined with clay brick laid the

4^-in. wa\-. They work in the usual groove arrange-

ment and are operated by steam pressure of about 150

lbs. The front door over the pouring spout is an ex-

ception to this, being operated by hand with a counter-

balance.

THE ELECTRODES .AND THEIR H.\NDLING DEVICE.

The three electrodes are let down through the roof

in the form of an equilateral triangle, each side of

which is 5 ft. 2 ins. in length. The apex of this tri-

angle pointing directly east, that is, towards the back

of the furnace. The center of this triangle coincides

with the center of the furnace roof. The overhead

structure which supports these electrodes may be seen

in Fig. 2.

There are, of course, three separate holders, one

for each electrode. Each holder is constructed ot a

Fig. 2— Side View of 15-Ton Heroult Electric Furnace.

solid- copper casting bolted directly to the bus-bar.

In front these holders are split and joined with a right

and left screw which enables the holder to be opened or

closed at will. The holders are designed to carry a

24-in. electrode, but by means of contact blocks to

fill, any smaller sized electrode can be employed.

The weight of the electrode is supported by the

chains. These chains run back over pulleys to the

drums at the back of the furnace. These electrodes

arc kept in alignment h\ vertical guides. The elec-

trodes are regulated by individual motors placed at the

back of the furnace. These motors are attached by

gears to the drums. The regulation is by hand, by

controllers, or by an automatic device. Each electrode

is, of course, regulated separately (see Fig. 3), and its

regulation is as follows :

.\ stationary magnet coil, the current through which

can be adjusted at will, is opposed by a floating mag-

net coil whose position is determined by a spring and

the amount of current passing through it. The cur-

rent in this floating magnet is obtained from a current

transformer attached to the bus-bars. When the cur-

rent in the bus-bars and the proportional current,

therefore, of the floating magnet, is that for which

the regulator of the stationary magnet is set. the mag-

netic opposition of the two magnet coils is exactly

counterbalanced by the strength of the spring, and the

apparatus is at rest. When, on the other hand, the

strength of the current in the bus-bars, and, conse-

quently, the proportional current in the floating mag-

net, is either greater or less than that at which the

stationary magnet is set, then the magnetic opposition

of the two magnet coils either overcome or is over-

come by the strength of the spring and the two mag-

net coils either retreat from or approach towards one

another. This motion of the floating coil is transmitted

by a lever which in turn causes a dog to drop into a

slot in a constantly moving rocker wheel, and in this

way a right or left contact is made, and the motors

controlling the electrodes, which, of course, work on

D. C. current, are started, either clockwise or anti-

clockwise, and the electrodes in turn are either raised

or lowered. This is repeated with each oscillation of

the rocker until equilibrium is restored. It might be of

interest to state here that each contact made as spoken

(if above serves to raise or lower an electrode about

'
s in. It has already been stated that the regulation

can be by hand-controllers. These three hand regulat-

nrs are situated at the back of the furnace at a dis-

tance of about 4 ft. It is, of course, under.stood that

the use of the hand regulators simultaneously dis-

connects the automatic regulators.

The operating platform of the furnace is about 9 ft.

from the ground level. Around the furnace on this

platform, at convenient points, bins are placed for the

miscellaneous materials used in furnace operation.

The front part of the furnace platform opens up to

allow a ladle to be hung in position when the furnace

is tapped and for anv miscellaneous work in the pit.

The power for the furnace is generated by dynamos

having as prime movers reciprocating gas engines, re-

ciprocating .steam engines, high pressure and low pres-

sure turbines. It is three-phase in character. 2.200

volts, and 25-cycle.

At the electric furnace it is stepped down by means

of three 750-kw. transformers to the voltage of the

furnace. These transformers are so arranged with

switches that the primary turns may be altered to give

a secondary voltage of 80, 90. 100 or no volts as de-

sired. Ordinarilv go volts is used.
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The entire building is spanned by a 50-ton crane.

The pouring platform is situated to the south of the

furnace. It is 30 ft. long and enables eight molds to be

placed in position for pouring.

Fig. 3—Mechanism for Automatic Regulator of Electrodes.

THE OPERATION OF THE FURNACE.

The normal operation of the furnace is as follows:

Ordinary Bessemer pig iron is full blown in a 15-

ton Bessemer converter, in from eight to twelve min-

utes. It is then poured directly from the Bessemer ves-

sel to an electric furnace transfer ladle, and drawn

by locomotive to the electric furnace building, a dis-

tance of about one-quarter of a mile, in about five

minutes. As a precaution against the possible forma-

tion of a skull in the ladle, the Bessemer charge is

blown about 1,500 lbs. of scrap hotter than ordinary

Bessemer practice.

Immediately the ladle is received at the electric fur-

nace it is picked up by the crane, slightly tilted and the

silicious slag is completely cleaned off by hand-

rabbling. The metal is now ready for charging. (See

Fig. 4.) To do this the ladle is merely turned over

on its trunnions and the metal poured into a spout

through which it rushes to the furnace. This operation

of cleaning off the slag and charging occupies from 5

to 10 minutes.

The electrodes are lowered and the current turned

on. As the metal is being poured into the furnace the

helpers shovel iron oxide and lime into the furnace

through the working doors. In this wav a basic oxi-

dizing slag is produced which serves to remove the

phosphorus. In about 30 minutes tliis slag has served

its purpose and the furnace is tilted slightly forward

and the slag removed in from 5 to 10 minutes by hand-

rabbling.

The recarburizer is added at this point. On the bare

surface of the oxidized metal, lime is quickly added

with sufficient fluorspar to keep the mass fluid. In

about 15 minutes this lime is melted, and finely divided

coke dust is now thrown onto the top of the slag be-

neath each of the three electrodes. Under the influ-

ence of the arc, calcium carbide is produced in gradu-

ally increasing quantities.

As soon as this state of affairs is reached a neutral

if not actually reducing atmosphere has been obtained.

From here to the finish there is practically a dead-melt

in a reducing atmosphere. The slag at this stage of

the process is fluid and highly basic. If a sample

should be taken and water added to it the resultant

acetylene gas, from the well-known calcium carbide

water reaction, is of sufficient quantity to light and

burn for half a minute.

Tests are now taken to show the condition of the

steel. A small cylindrical test piece is poured and

Fig. 4—Charging Converter Metal into Furnace.

forged to a round pancake shaped object under a

steam hammer located at the furnace. If this forged

sample shows by its appearance a satisfactory condi-

tion of the metal, the bath is tapped. If not, further

refining is necessary.

To tap the furnace the electrodes are raised from

the bath and the ladle swung by a crane under the

pouring spout and the tiltinn- lever pulled forward.
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The pouring is done through a i^-in. nozzle to

molds of varying sizes.

A typical furnace charge sheet is shown in Table I.

It will be seen from this that it takes us an hour and

a half to two hours to heat, according to the grade of

steel produced.

What is actually done in the electric furnace at

Fig. 5 shows the elimination of the impurities in the

electric furnace during the process of making an alloy

heat and Fig. 6 shows the fluctuation in the slag

analysis.

rtr
\ 1 1 1 1 1 M 1 1 1 M
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sizes and grades, plates of all sizes and grades, struc-

tural shapes, castings, small and large, high carbon

and low, and forgings of all sizes. Of alloy steels we

TABLE r.—ELECTRIC FURNACE CHARGE SHEET.

Material. Pounds.
Bessemer blown metal 30,000
Scale 700
Ferromanganese, 80 per cent 200
Ferrosilicon, 10 per cent 60
Ferrosilicon, 50 per cent 80
Recarbonizer 130
Fluorspar 400
Coke dust 200
Lime—first slag 600
Lime—second slag 600
Dolomite 400
Magnesite 2.5

Tapped previous heat 7 :00 a. m.
Metal ordered for 7 :1.5 a. m.
Metal received 7:1-5 a. m.
Began fettling 7:17 a. m.
Current on 7 :27 a. m.
Slag off—began 8 :00 a. m.
Slag off—finished 8:11 a. m.
Tapped 8 :48 a. m.
Time of heat 1 hr. 21 min.

have made, nickel, nickel-chrome, chrome, manganese

steel, and silicon steels.

T.\ELE 2.—AVER.'\GES OF ULTIMATE STRENGTH .^ND PER CENT
ELONGATION (iN 2 IN.) OF ELECTRIC .\ND OPEN HEARTH PLATE
STEELS. ARRANGED ACCORDING TO CARSON ANALYSIS.

Electric Plate Steel.

Average Average
Carbon. No. of No. of ultimate per cent
Percent. heats. tests. 'strength. elongation.

0.08 3 5 59.1fl4 27.2.5

0.09 2 .5 59,502 27.25
0.10 3 5 57,662 29.20
0.11 3 5 .59.585 27.65
0.12 2 5 64,080 26.05
0.13 3 18 65,880 25.90
0.14 3 12 62,030 26.43
0.15 3 15 61,203 26.70
0.16 5 27 69,220 25.25
0.17 5 22 66,638 25.03
0.18 5 21 65.330 25.44

0.19 3 15 70,336 2.3.83

0.20 2 7 72,853 22.82
0.21 2 9 68,640 25.16
0.22 1 2 70,820 25.75
0.23 2 7 73.370 23.53
0.24 1 2 69,540 23.12

0.16 2.8 10.7 65,640 25.67

Basic Open Hearth Plate Steel.

.\verage Average
Carbon. No. of No. of ultimate percent
Per cent. heats. tests. strength. elongation.

0.08 3 5 51,690 .32.00

0.09 2 5 .52,570 32.00
0.10 3 5 54,666 29.90
0.11 3 5 .54.854 .30.65

0.12 2 5 .56,510 29.70
0.13 3 18 .56,-595 28.54
0.14 3 12 -55,322 28.64

0.15 3 15 .58,683 28.21

0.16 5 27 ,52,901 28.61

0.17 5 22 -55,780 28.81

0.18 5 21 58,469 28.31

0.19 3 15 59,504 27.50
0.20 2 7 .58,294 28.82

0.21 2 9 63,050 27.00

0.22 1 2 .54,500 29.75

0.23 2 7 61,148 27.39

0.24 1 2 63,560 26.25

0.16 2.8 10.7 56,947 28.94

Average of averages.

The above table shows 15.5 per cent increased ultimate
strength for the electric steel and 11.3 per cent decreased
elongation as compared with open hearth plate steel of ap-
pro.ximately the same chemical analysis.

Perhaps many of you will wonder at the adaptability

of this furnace for handling cold materials. We have

made a number of heats from cold materials. In sev-

eral of these we took the worst scrap we could pick up

—this appears to us to be stove plate scrap. With this

stock and axle heat was made which showed excellent

physical tests. If I remember correctly, JJ blows from

a 1,640-lb. hammer falling 45 ft. broke the first axle,

and 68 similar blows the second.

THE QUALITY OF THE STEEL.

The main chemical or physical differences in electric

steel seem to be these:

A comparative freedom from oxidation.

A comparative freedom from segregation.

A higher tensile strength and slightly higher ductil-

ity for the same chemical analysis up to about 40 car-

bon where the difference becomes less apparent. (See

Table II.)

A steel of greater density than our other commercial

steels with the possible exception of crucible.

In conclusion let me say that the three electric fur-

naces of the Steel Corporation are the largest in the

world that have as yet been put in operation. They

have presented many interesting and complex prob-

lems and the manufacturer has encountered occasional

troubles. .Although we feel that we are as yet but on

the threshold of this method of manufacture, we feel

that electric steel is a success and its future assured.

A recent U. S. Consular Report states that quinine

stands first on the list of drugs for the Tropics ; Epsom
salts next ; then comes calomel, castor oil, tincture of

iron, or liquor of perchloride or iron, opium, and

brandy. .\ large majority of the drugs tnost used are

those well known to the doctors of two generations

ago. One medical missionary has worked out the

quantities of 12 drugs that would be necessary for the

treatment of 20,000 patients in a year. He estimates

that tlie approximate cost would be $325. His list in-

cludes 30 lbs. of quinine. 300 lbs. of Epsom salts, and

200 gross of a tonic pill.

In iQio there were received at the Patent Office in

Washington 63.293 applications for mechanical pat-

ents, 1,155 for design patents, 181 for reissues of pat-

ents, 6,843 fo'' registration of trade-marks, 755 for

registration of labels, and 226 for registration of

prints. There were 35,807 patents issued, including

designs; 123 patents reissued; and 4.239 trade-marks,

370 labels, and 120 prints registered. The number of

patents that expired was 22,768. The number of

allowed applications, awaiting the payment of final

fees, was 11,336; and the number forfeited for non-

payment of the final fees, 7.442. The total receipts

were $2,025,537 ; the expenditures, $2,005,712, and the

surplus of receipts over expenditures, $19,825. The
total balance to the credit of the Patent Office in the

Treasury of the United States on December 31, 19 10.

was $6,998,228.
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THE SCHUMACHER AND RONAY PROC-
ESSES OF IRON ORE AND FLUE

DUST BRIQUETTING.*

Pig iron producers have given much attention in the

past decade to the problem of briquetting dust ore.

The difficulties attending the use of fine ores are natu-

rally greater with the increase in dimensions of blast

furnaces. These increased dimensions and propor-

tionately increased blast, as is well known, have added

greatly to the accumulation of flue dust. This is valu-

able, not only owing to its high percentage of iron,

but also because of the coke and lime contained in it.

Many processes for solving the problem of briquetting

fine ores and flue dust have been tried.

The German blast furnaces have made a practical

success of briquetting fine ores, owing to the fact that

the Schumacher and the Ronay. The former was par-

ticularly referred to in the paper of C. de Schwartz,

Liege, Belgium, on "The Briquetting of Iron Ores,"

read at the Buxton, England, meeting of the Iron and

Steel Institute. Installations of the Schumacher sys-

tem have been in operation in Germany for some time

at Konigshiitte in Upper Silesia ; Rombacher Hiitten-

werke, Rombach ; Eisenhiitten Aktienverein Diidelin-

gen, Diidelingen, Luxemburg; Dortmunder Union in

Dortmund ; and Hasper Eisen & Stahlwerke at Haspe,

Westphalia. There is also an installation at the Cock-

erill Works in Belgium. The Ronay system is installed

and is working satisfactorily at the following plants

:

Oberschlesische Eisenbahnbedarfs Aktiengesellschaft,

Friedenshiitte, Upper Silesia ; Lothinger Hiittenver-

ein Aumetz-Friede in Kneuttingen, Lorraine, and

Gutehofifnungshutte in Oberhausen. It is being used,

Fig. 1—Plan of Ronay Plant for Briquetting Dust Ores and Fine Dust.

they have been compelled to utilize waste products

to a greater extent than American pig iron producers.

Of the 1,500,000 tons of fine dust, which, according to

Prof. G. Franke, of the Mining Academy of Berlin,

constitutes the annual waste product of blast furnaces,

250,000 tons is briquetted and used as raw material.

These briquettes contain an average of 35 per cent of

iron. Their value differs according to the value of

rock (jre delivered at the various blast furnaces. It

has been clearly shown, however, that the briquetting

of the fine dust is of considerable economical value in

connection with pig iron production. The use of flue

dust is of far greater importance in this country, since

it is estimated that over 2,500,000 tons, containing a

high percentage of iron, is added each year to the ac-

cumulated dust piles at blast furnaces.

Briquetting installations have been made at many
of the German blast furnaces. Some of these are of

local origin and their success is dependent on local

conditions. Two processes which are of established

efficiency have already become well known, namely.

•From The Iron Age.

too, at a large number of works for the briquetting of

iron and other metal turnings and borings. Both sys-

tems are operated at low cost. According to German

conditions, this would amount to 25 to 30 cents per

gross ton.

Figures i and 2 show the general arrangement of a

Ronay briquetting installation. The dust ore or flue

dust arrives at the storage bin a and is lifted by ele-

vator b, and after passing through a screen c, in order

to eliminate all the larger pieces of ore, coke or stone,

it drops into the bin d. The screened material is trans-

ported by belt conveyor e to the small hopper /, from

which it passes into the press. The finished briquettes

are taken from the press by belt conveyor g and

loaded into small cars, which run to the blast furnace.

For the handling of the installation there is needed

a machinist, a man at each press and two men at each

belt conveyor to discharge the briquettes. The capac-

ity of each press is, according to the weight of the

dust ore or flue dust, from five to eight tons per hour.

The power necessary for the press and all auxiliary

apparatus for the Schumacher process is 60 hp. For
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the Ronay process, it is somewhat more. The cost of

the waste chemcial product required with the Schu-

macher process—it is used rather for its catalytic ac-

tion than as a binder—is put at 2>^ to 5 cents per ton.

The difference in the two processes may be referred

to: The Schumacher process is solely intended for

the briquetting of flue dust and requires from 0.5 to i

I>er cent of the above mentioned chemical. The

briquette is formed by comparatively low pressure and

can be immediately loaded on cars ready for use in

the blast furnace. In the Ronay system no added

material is required, and the dust ore or flue dust is

simply subjected to a specially applied pressure, which

also gives the briquette such mechanical strength that

it can be imiriediately loaded on blast furnace cars. In

both cases, the dust ore passes directly from the re-

ceiving bin to the press without any previous modifica-

tion. Their simplicity makes these two processes espe-

The Westinghouse Air Brake Co. has decided to in-

stall at Wilmerding, Pa., a Ronay briquetting plant for

the briquetting of metal turnings and borings, the

order having been placed through the American rep-

resentative, G. Leve, 30 Church street, New York.

In Germany and elsewhere the two processes referred

to have been introduced for the bricquetting of ores

by the Allgemeine Brikettierungs Gesellschaft. A
subsidiary company, in which the important locomotive

firm of A. Borsig is interested, handles the Ronay

process of briquetting borings and turnings in all

countries except the United States. It is known as the

Hochdruck Brikettierungs Gesellschaft.

A report of the U. S. Geological Survey on "The

Gypsum Industry in 1909" states that the following"

machinery is necessary to manufacture 100 tons of

ordinary wall plaster a day: (i) i crusher, esti-

Fig. 2—Sectional Elevation of Ronay Plant for Briquetting Dust Ores and Fine Dust.

cially advantageous, inasmuch as the economical util-

ization of waste products demands as a first consider-

ation a minimum manipulation. No binding material

has to be used in either process.

The mechanical strength of these briquettes, it is

claimed, is such as to permit of their use in the largest

blast furnaces. It is sufificient to allow a considerable

proportion of coke dust to be mixed with the flue dust,

thereby adding to the quality of the waste product.

The value of these processes is indicated by the fact

that even at pomt where ore is taken from the ground

as cheap as 40 cents per ton, as in the Minette dis-

trict, briquetting plants of the types referred to are

now in operation.

The low operating cost of the Schumacher and

Ronay systems is responsible for their use in Germany

rather than the cintering method. One disadvantage

of the latter is that the high temperatures cause some

smelting of the material and thus hinder the reducing

process in the blast furnace.

mated cost $1,000; (2) 1 direct-heat drier, 48 inches

in diameter and 27 feet long, and i dust room, esti-

mated cost $2,500; (3) I pot or bowl crusher for

grinding the material after drying, estimated cost

$300; (4) 4 French burr-stones for fine grinding,

cost about $300 each; (5) 2 calcining kettles, $200

each. In addition to this machinery, machines for

mixing plasters besides the necessary elevators, con-

veyors, shafting, belting, and bins are required. On
account of the nature of the process the elevators

and conveyors should be made of steel, the bins of

concrete or other noncombustible material, and the

entire plant should be as nearly fireproof as possible.

Experiments in growing rice in Manchuria are said

to show that rice can be grown there more profitably

than in China proper or Japan and more profitably

than either com or soya beans. The season is short,

but long enough to produce high-grade rice.
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USE OF OIL IN ZINC SMELTERS AT
JOPLIN, MO.-

According to re{X)rts from the zinc districts of Mis-

souri and Kansas, the recent scare sustained by the zinc

industry by the seeming weakening of the surrounding

gas fields and tlie fear that gas could no longer be de-

pended on for factory fuel has been dissipated, and a

radical readjustment is under way.

The use of oil as cheap and reliable fuel in smelters

and cement plants of Missouri and Kansas has not

only been demonstrated as feasible, but extremely prac-

ticable, a notable example of the success of the new

fuel being the absolutely satisfactory operation of the

Monarch cement plant at Humboldt and the Edgar

smelters at Cherryvale with oil burners.

Oil-burning apparatus is being installed in the

cement plants at Xeodesha and other points in Kansas.

This is hailed as making a new era in the zinc smelting

and cement manufacturing industries of Missouri and

adjoining states.

Because of lacking the gas supply demanded in enor-

mous quantities by these big factories a total readjust-

ment of the zinc smelting industry was well under

wav on account of the failure of the gas supply. It

had even gone so far as to be used as a market factor

in manipulating the price of spelter.

Now comes the announcement that oil burning in

the gas smelters has been successfully solved, and this

places the entire smelting capacity of Kansas back into

the producing class as soon as the necessary oil pipe

lines can be constructed and the burners installed.

It has been known a long time that the Edgar Zinc

Company, at Cherryvale. Kan., was experimenting

with the use of oil. It was even known that as a fuel

for roasting it was perfectly feasible, but it was hardly

supposed that oil could be used in firing the retorts.

In fact, the experiments of the New Jersey Zinc Com-

pany in Texas and Oklahoma in trying to use oil as a

fuel for a zinc furnace were taken as conclusive evi-

dence that it was too expensive.

Now comes the announcement that the Edgar Zinc

Company has started four blocks of its furnaces of this

kind of fuel in addition to using it for roasting. A
6-in. pipe line is bieing built into Cherryvale from

Sycamore to supply the smelter with this kind of fuel.

Simultaneous with this announcement comes the sec-

ond one that the Neodesha plant of the Granby com-

pau}' is installing the same kind of burners and will

also burn fuel oil in its furnaces instead of abandoning

the plant when the gas gives out entirely.

Roth the Edgar and the Granby companies are pre-

serving as much secrecy about their new discoveries

as they can. It is understood the experiments in the

burning of oil occupied much of last year at the Edgar
plant. A German process proved to be the most satis-

factory, and is the type installed. The Granby plant

will employ a similar process. The Granby plant is

just now being equipped with these burners.

•From the Industrial World.

WASTE OF ZINC BLENDE.

A recent issue of the St. Louis Globe-Democrat con-

tained the following dispatch from Joplin, Mo., re-

garding the action of air and deleterious water on the

tailings at the concentrating plants in the Joplin

district

:

Zinc blende worth hundreds of thousands of dollars, dis-

carded in the tailing or waste gravel from concentrating

plants for the Joplin district, is lost beyond recovery through

the action of air and deleterious waters, according to Frank

Kelley, chemist of the Illinois Zinc Company, who has com-

pleted an assay of the tailing heap of the old Morning Hour
mine west of this city.

Turned out at a time when milling practice wa.s much inore

inelificient than present day methods, the waste gravel from

the Morning Hour mine, like the waste from hundreds of

other early day mines, was rich in zinc blende. It is a com-

mon practice in this district to construct "tailing" mills near

heaps of mine gravel, regrind the material, remill it, and thus

recover a large percentage of the ore. Tailing heaps, as a

rule, are richer when the waste comes from a mill improperly

equipped for thoroughly treating the mine run dirt. Mrlually

all of the early day mills were inadequate in equipment, and

as a result the tailing piles would run high in mineral.

Some tailing piles will contain as high as -j per cent ore,

and as actual ruining can be conducted at a profit in the thin

sheet ground mines where the ore percentage is sometimes

less than 3 per cent of the dirt mined, it is easy to see how
l; ravel, containing -5 per cent ore, already on tlio surface,

ready for the milling, could be retreated at an enormous

profit. And yet, in the case of the Morning Hour operations,

the Mays Milling Co., which is doing this work, has discov-

ered to its dismay that the one time rich tailings are now al-

most totally devoid of ore particles, and the operators of the

plant declare that it is impossible to make a profit from

handling the gravel.

The report of Mr. Kelley enlightened them as to the cause

of their failure; the presence of sulphuric acid in the ground

water had resulted in the mountain of flint tailings becoming

saturated with a devouring element, which worked even more

venomously when the air, in circulating through the porous

heap, came in contact with the acid.

It is claimed that an luiglish chemist has succeeded

in producing a dealcoholized beer free from all intoxi-

cating properties, but in no way different in taste

or flavor from ordinary beer. The alleged new process

is stated to be the result of many years' experimenting,

and is described as follows : '"It was found that by

slightly warming the beer and then driving through it

a brisk current of carbonic acid gas the alcohol could

be extracted in the form of minute bubbles. By con-

tinuing the process every trace of alcohol could be ab-

solutely eliminated without destroying any of its for-

mer qualities as a beverage." It is further claimed

that every hogshead of beer treated by this process

yields 3 gallons of spirit, driven out by the carbonic

acid gas, which among other purposes, if produced

in sufficient quantities, could be placed upon the mar-

ket at a price which would enable it to compete favor-

ably with petrol. The product is reported to be supe-

rior to petrol for driving motor cars, and emits no

fumes or odors.
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HARDENING GRAY IRON CASTINGS. THE SIX-DAY WEEK.

The Vulcan Furnace Co., of Warren, O., has per-

fected a process for hardening gray iron castings,

which is described as follows by a member of the com-

pany in a letter published in a recent issue of the In-

dustrial World

:

The depth of the hardened surface in our process for treat-

ing gray iron castings is controllable to quite a considerable

degree. Pieces can be case-hardened 1/32 or 3/64; or the

piece can be hardened to a depth of % in., metal to depth

of 3/16 in. being of practically the same density.

We take castings that are to be machined and finish them
complete, subsequently hardening; and after hardening, if ex-

treme accuracy of fit is required they can be ground ; but for

most commercial purposes grinding is not necessary as there

is no appreciable change in form, excepting for a co-

efficient of expansion which we allow for in the original

dimensions of finish.

For the sake of demonstrating the hardness of the iron,

we have made lathe tool %-inch. by 5/16 in., hardened and
supported in an Armstrong tool holder, as we are in the habit

of doing with high speed steel, and used this tool for reduc-

ing steel shafting. It seems to stand the same speeds as em-
ployed with novo superior high speed tool steel, without burn-

ing, and makes an equally true cut.

It is not, of course, contended that cast iron is a suitable

material for this work, as the strength is not sufficiently

great ; but this method has been taken to demonstrate the

hardness of material after being treated by our process.

The hardening treatment is not confined to small pieces as

larger work can be hardened with equal satisfaction, with,

however, a higher cost per piece but a lower cost on pound
basis than small pieces.

Our researches do not permit us to say definitely whether

or not the brittlessness of hardened small pieces can be re-

duced by draw tempering, although our experiments indicate

that this can be done to a considerable degree.

Eliminating this possibility, however, it is apparent that

there is a very large field in which glass hard castings will

be extremely advantageous. For bearings, bushings and sur-

faces subject to erosion, which are substantially supported.

we can employ this metal even though very brittle and not

suited to conditions where not properly supported or subject

to repeated shocks tending to crystallize or fracture.

We are of the belief that in brake shoes especially the

characteristics of this metal ofi^er peculiar advantage. This,

however, is based wholly upon an analysis of the situation as

we have not had an opportunity as yet to obtain conclusive

data resulting from service tests.

The testing of .structural materials "both belonging

to and for the use of the United States," formerly con-

ducted by the Geological Survey, has been transferred

to the Bureau of Standards, the equipment for the

work being also transferred. The Standards Bureau

has now, in addition to its main laboratories in Wash-
ington, a laboratory at Atlantic City for the study of

the efifects of sea water and sea air on structural ma-

terials ; another at Northampton, Pa., for the testing

of cement for the Isthmian Canal Commission, and a

third at Pittsburg for testing a variety of materials.

These facilities of the bureau are available to all de-

partments of the Government.

The amount of creosote oil imported into the United

.'states in igio was 42.608,386 gals.

We are indebted to the Industrial World for the fol-

lowing abstract of a paper read recently by R. H.

Wilkinson, Jr., on "Industrial Efficiency"

:

"Any system which works ill to one or many to the

apparent disadvantage of few or many is working its

own destruction. In short, the Golden Rule is an eco-

nomic rule.

"The man who is debilitated either through sickness

or inadequate sustenance, or is exhausted by long

hours or the seven-day week, has lost in a large meas-

ure his power to resist temptation, easily falls into ex-

cesses, is vulnerable morally and physically, cannot

be efficient. I assert that the six-day week established

in any iron and steel communitv will not only make
possible industrial efficiency, but will do more to uplift

the men affected than all our moral and religious

agencies under present conditions.

"Intelligent selfishness impels the men who operate

our industries to work out their industrial salvation

with the well-being of the employes at heart. Indeed

the huge corporation will continue to flourish only as

it discovers the line of least resistance—the law of

righteousness applied to its various activities."

Mr. Wilkinson then took up the question of the

work-day, the work-week and compensation. He ad-

vocated the three-shift system for the blast furnace as

the system which would make a man produce, day

after day, year after year, a maximum quantity of

product of desired quality. He also advocated a six-

day week for blast furnaces, and stated that an effort

was being made to work out a six-day week plan at

the Struthers furnace. He declared that the six-day

week has immeasurably raised the efficiency of the

men of his force whom it has affected. Mr. Wilkinson

continued

:

"We are this month trying out the six-day week

among the furnacemen, paying full wages for two of

the four rest days. We have for this purpose, where

possible, grouped the force in squads of seven, carry-

ing for each seven men an extra man, who becomes a

part of the regular force, thus permitting a man off

each day. Under this plan we are in a number of

positions eliminating the long turn by having the extra

men work the change turn. The advantage to the or-

ganization in always having an extra man trained

for every position, and the larger force upon which

to rely on in case of emergency is obvious."

It is interesting to note in this connection that sev-

eral of the subsidiary corporations of the U. S. Steel

Company are now trying to work out a plan for a six-

day week which will apply to their furnacemen and the

men in the rolling mills. Instruction has been given

that all work not absolutely necessary shall be shut

down from Saturday to ^londay.

The chemical industries are also guilty of a seven-

day week and should attempt to solve this problem.
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NOTES AND COMMENTS.

Purchase of Material on Specification.

There is perhaps no single item upon which a large

industrial corporation wastes more money than in the

purchase of material, either in a raw state for its own
manufactures or in a finished state for its own use.

than in the purchase of material under a trade name
and not by purchasing the same material in an open

market under a properly drawn specification. A num-

ber of cases have come to the attention of the writer

lately where firms were paying from three to ten times

the normal price of the article sitnply because they

were purchasing it under some fancy name and not on

the merits of the article.

The preparation of a proper specification is a mat-

ter which requires the closest attention. A specifica-

tion need not be drawn so that only the best material

on the market of this kind will meet the specification.

It should only be drawn with such stringency that the

material supplied under the specification will meet the

needs of the purchaser and on this point is needed

the judgment of a man who is perfectly familiar not

only with the use to which the material is to be put but

also with the grades of material which are obtainable

on the open market. This will mean that the specifica-

tion must be drawn by a man who has not only the

proper technical training but who also has had the

practical experience which will enable him to select the

proper material. It is useless to draw a specification,

submit this to the manufacturers who expect to supply

the articles in question and expect the specification to

enforce itself. The specification will amount to noth-

ing if proper samples were not taken from each con-

signment and examined to see that they conform to the

specification. In the purchase of many materials it will

be possible, perhaps, to draw the chemical specification

alone which will cover the case. In many instances a

physical specification alone will meet the needs. There

are few, if any, cases where a practical specification

including both physical and chemical properties will

not enable a consumer to purchase satisfactory articles

on the open market at a much lower price than they

can be obtained if purchased only under a certain trade

name or on the reputation of certain dealers. Any
consumer of large quantities of material will be wise

to submit his needs to some such man as has been in-

dictated, who will draw a proper specification, and he

can then rely on his routine man in the laboratory to

enforce it. The trouble many times is that the manu-

facturer expects his chemist, who probably is a recent

graduate, to draw the proper specification and then

leaves the enforcement of the specification to the pur-

chasing agent who has no direct interest in the ques-

tion other than in obtaining the material sought at a

low price.

Congress of Technology at Boston, Mass.

What promises to be a very remarkable and striking

record of the place of science in modern industry will

be presented in the series of papers which will con-

stitute one of the main features of the Congress of

Technology to be held in Boston on April lo-ii, of this

year. The first of these dates is the fiftieth anni-

versary of the chartering of the Massachusetts Insti-

tute of Technology, and the primary purpose of the

Congress is fittingly to mark that anniversary.

But the interest of the celebration goes far beyond

any personal associations with the Institute of Tech-

nology-. While "Tech," as its friends know it, has

been a leader in the application of science in the indus-

tries, the progress of that institution and of its gradu-

ates marks the enonnous development that has taken

place in all industries the world over. A large num-

ber of Technology graduates who have been conspicu-

ously successful in varied lines of engineering will pre-

sent papers at the Congress, dealing with various

aspects of the country's manifold industrial problems

and treating of those problems not only as they exist
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now but as they promise to take different shape in the

future. The whole body of papers will therefore con-

stitute a survey of engineering and industrial science

as a whole, from a body of men who speak froin first-

hand experience with industrial problems all over the

country.

The papers, separately, will discuss the conditions

and prospects in specific industries and will therefore

be of exceptional interest to the great number of men

practically engaged in them. No similar discussion of

the industries has been attempted on such a scale, and

the record promises to be of unique suggestive value to

the manufacturers of the country. The meetings will

be open to the public.

RECENT PATENTS.

The following patents relating to iiultistrial and engineering

chemistry are reported by C. L-. Parker, solicitor of chemical

patents, McGill building, Washington, C. D.

:

978,853. (Method of and Apparatus for Jvlaking Gas.)

William T. Cutter, East Lyme, Conn., assignor by mesne as-

signments to Hydrocarbon Converter Co., New York, N. Y., a

corporation of Delaware. Patented Dec. 20, 1910.

978,866. (Method of Eliminating the Active Toxic Agent

from Coffee.) Heinz Evers, Zurich, Switzerland, assignor to

Gerster & Cie., Clarens-Montreu.x, Switzerland. Patented

Dec. 20, 1910.

978,878. (Manufacture of Artificial Silk.) Giuseppe Gua-

(lagni, Pavia, Italy. Patented Dec. 20, 1910.

978,905. (Method of Making Steel.) Horace W. Lash,

Cleveland, Ohio. Patented Dec. 20, 1910.

978,934. (Process for Continuous Electrolysis of Aqueous

Solutions.) Albert Pietzsch, Triberg, Germany, and Ewald

Steinbuch, Monthey, Switzerland, assignor to Society of

Chemical Industry in Basel, Switzerland. Patented Dec. 20,

1910.

978,970. (Process of Producing Gas.) Geo. J. Webber,

Kansas City, Mo., assignor to Louisa M. Webber, Kansas

City, Mo. Patented Dec. 20, 1910.

979,113. (Heat Treatment of Steel.) Samuel S. Wales,

Munhall, Pa., assignor to Carnegie Steel Co., PiUsburg, Pa., a

corporation of New Jersey. Patented Dec. 20, 1910.

979,136. (Paint or Varnish Remover.) Carleton Ellis,

Larchmont, N. Y., assignor to Chadeloid Chemical Co., New
York, N. Y., a corporation of West Virginia. Patented Dec.

20, 1910.

The remover comprises approximately methyl acetate 45

gallons, monochlor methyl acetate 15 gallons, benzol 30 gal-

lons, benzine 20 gallons, turpentine 5 gallons, carbonate of

magnesia 100 pounds, and wax 15 pounds. Patented Dec. 20,

1910.

979,337. (Manufacture of Steel.) Alleyne Reynolds, Lon-

don, England. Patented Dec. 20, 1910.

979,394. (Process for the Production of Alloys of Tin and

Titanium.) Augustie J. Rossi, Niagara Falls, N. Y., assignor

to the Titanium Alloy Mfg. Co., New York, N. Y., a corpora-

tion of Maine. Patented Dec. 20, 1910.

979,431. (Nitrocellulose Gunpowder.) Conrad Herbert

Heinrich Claessen, Berlin, Germany, assignor to E. I du Pont

de Nemours Powder Co., Wilmington, Del., a corporation of

New Jersey. Patented Dec. 27, 1910.

979,465. (Method of Treating Carbon Electrodes.) Walter

Gaston, New York, N. Y. Patented Dec. 27, 1910.

979,476. (Explosive.) Chas. E. Griffin, Salt Lake City,

Utah. Patented Dec. 27, 1910.

979.541. (Metallurgical Process.) Joseph Charles Morris,

Findlay, Ohio. Patented Dec. 27, 1910.

979.542. (Transfer Ink and Process for Producing the

Same.) Chas. F. Mores, New York, N. Y. Patented Dec.

27, 1910.

979.901. (Process for Treating Wood.) Frank J. Taylor,

Phoeniz, Ariz. Patented Dec. 27, 1910.

979.902. (Recovery of Rubber.) Harold T. G. Vander

Linde, New York, N. Y.

The inethod consists in increasing the bouyance of the

rubber particles, for the purpose described, by subjecting it

to the action of a specific gravity lowering intumescent. Pat-

ented Dec. 27, 1910.

!)80,364. (Process of Separating Mercury From Poor Ores

by Electrolysis.) Bela Szilard, Paris, France, assignor to

said Bela Szilard and Henry Bergerat, Paris, France.

The process comprises treating finely divided ore with a

li.xivating agent comprising a mixed solution of sodium

chlorid and calcium sulfid, and then subjecting the solution

to electrolytic action. Patented Jan. 3, 1911.

980,369, (Manufacture of Steel.) Wm. E. Walker, New
York. Patented Jan. 3, 1911.

980,641. (Method of Treating Zinc Ores for the Recovery

of Metallic Zinc Therefrom.) Harry H. Hughes, Springfield,

Mo., assignor of one-half to F, X, Heer and .\. J. Eisen-

mayer, Springfield, Mo. Patented Jan. 3, 1911.

1)80,802. (iVIanufacture of Incandescent Gas Mantles.)

Ignaz Kreidle, Vienna, Austria Hungary. Patented Jan. 3,

1911.

981,008. (Process of Scouring ll'ood.) Peter Schmid,

Basel, Switzerland. Patented Jan. 10, 1911.

981,042. (Process of Manufacturing Fiber Pulp.) Conrad

L. Weiberg, Detroit, Mich., assignor of one-half to .\lbert

Scsselbacher, Detroit, Mich. Patented Jan. 10, 1911.

981,178. (Substance to be Used as I'nrjiislies and for Im-

pregnation and Insulation and Method for Their Production.)

Gottlieb Gottfried Diesser, Zurich-Wollishofen, Switzerland.

Patented Jan. 10, 1911.

981,225. (Bituminous Paving Cement.) Clitford Richard-

son, New York, N. Y., assignor to The Barber Asphalt Pav-

ing Co., Philadelphia, Pa., a corporation of West Virginia.

Patented Jan. 10, 1911.

981,280. (Method of Reducing Iron Ore.) John T. Jones,

Iron Mountain, Mich. Patented Jan. 10, 1911.

981,474. (Carbonicing Steel.) Hugh Rodman, Pittsburg,

Pa., assignor to Rodman Chemical Co., a corporation of

Pennsylvania. Patented Jan. 10, 1911. The method consists

in making an electrode and subjecting it to the action of

electrolysis in a carbon containing bath.

981,575. (Unmagncticable Steel.) Frederick Kohlhaas,

Dusseldorf, Germany. The steel contains about 9.8-10.3%

manganese, about 0.9-1% carbon, about 0.2-14% titanium, max-

imum 0.8% silicon, maximum 0.03% sulfur and maximutn

(t.015% phosphorus. Patented Jan. 10, 1911.

981,647. (Process for the Manufacture of Resin Soap.)

Frank Stuart Havens, Hartford, Conn., assignor to Harrison

Bros. & Co., incorporated, a corporation of Pennsylvania.

Patented Jan. 17, 1911.

981,775. (Process of Detiuiiing Tin Scraps.) Carl Von

Der Linde, St. Tonis, near Crefeld, Germany. Patented Jan.

17. 1911.

981,850. (Smelling Process and .Apparatus Therefor.)

Richard Fleming, New Rochelle, N. Y. Patented Jan. 17, 1911.

981,880. (Process for Roasting Sulfid Ores.) Chas. W.
Renwic, Isabella, Tenn. Patented Jan. 17, 1911.

981,900. (Process for Productions of Compounds of Per-

sulfuric Acid.) Gustav Teichner, Nuremburg, Germany, as-

signor to The Firm of Consortium fur F.leklrochenische In-

dustrie, Gcsellschaft mit baschranktcr Haftung, Nuermburg,

Germany. Patented Jan. 17, 1911.

981,902. (Paint.) Merriweather J. Wangh, Lincoln, Neb.

Patented Jan. 17, 1911.

981,969. (Explosive.) Victor L. Bedier, Seattle, Wash.

Patented Jan. 17, 1911.
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982,235. (Mcthud of Producing Fcrroboiou.) Clias. A.

Hansen, Schenectady, N. Y., assignor to General Electric Co.,

a Corporation of New York. Patented Jan. 17, 1911.

982,218. (Process of Making Aluminum and Copper Al-

loys.) Joseph Greenville Mellen and Wni. Francis Mellen,

Bridgeport, Conn. Patented Jan. 17, 1911.

982,288. (Preparation of Nitroycn Coinpoiiiids.) Einar

Honoratus Meyer and Job Morton August Stillesen, Niagara

Falls Centre, Ontario, Canada. The process of preparing lime

nitrogen consisting in treating calcium carbon with nitrogen,

and eliminating carbon from the resulting product. Patented

Jan. 24, 1911.

982,466. (Process of Making Xitric or Oilier Uxynitrogen

Acid and Metal Peroxid.) Henry Spencer Blackmore, Mt.

Vernon, N. Y., assignor to Robert E. Robinson and Daniel

C. Spruance, trustees. New York. N. Y. Patented Jan. 24,

1911.

982,524. (Paint and Varnish Remover.) James S. Patty,

Chicago, 111., assignor to the Ohio Varnish Co., Cleveland, O.,

a Corporation of Ohio. Patented Jan. 24, 1911.

982,569. (Use of Nitrogen-Fixing Organisms in Agricul-

ture or Horticulture.) Wm. Beegroft Bottomley. London,

England. Patented Jan. 24, 1911.

982,6211. (Palniitin Waterproofing Coniponnd and Process

of Making the Same. Ernest Mas, New York, N. Y. Pat-

ented Jan. 24, 1911.

982,945. (Process of Manufacturing Cement.) Carl Von
Forrell, Hamburg. Germany, assignor by mense assignments

to the Atlas Portland Cement Company, New York, N. Y., a

Corporation of Pennsylvania. The process consists in add-

ing lime to molten furnace slag in a rotary kiln, in passing

heated fluid containing oxygen through said kiln, in mechan-

ically agitating tlie mixture by the movement of said kiln to

separate said material and project portions thereof through

said fluid to desulphurize said mixture, and in disintegrating

said mixture by fluid jets containing oxygen to produce highly

cementitious clinker material. Patented Jan. 31, 1911.

982,992. (Lead Pigment and Method of Making the

Same.) Alexander S. Ramage, Buffalo, N. Y. This is a

method of preparing a lead pigment, which consists in react-

ing upon a basic lead pigment with an alkali salt of stearic

acid, and washing and drying the product. Patented Jan.

31, 1911.

983,124. (Refrigerator.) James H. Dagg. Hopkinsville,

Ky. Patented Jan. 31, 1911.

983,199. (Catalytic Synthesis of Methane.) Fred Bedford

and Chas. E. Williams. Sleaford. England, assignors to Ced-

ford Gas Process Company, London, England. Patented

Jan. 31, 1911.

983,377. (:Method of Protecting Iron from Rust). Albert

lang, Karlsruhe. Germany, assignor to Hans Freiherr von

Seldeneck, Frankfort-on-the-Main. Germany. The method

consists in forming a layer of iron sulfid on the surface of

the metal to be treated, and then coloring such surface with

a dyeing agent. Patented Feb. 7, 1911.

983,453. (Method of Treating Ores by the Blast-Furnace

Process). Frcdrik Adolf Kjellin, Stockholm, Sweden. Pat-

ented Feb. 7, 1911.

983,521. (Process of Manufacturing Cement.) Rudolf

Tornyay-Schosberger. Budapest, Austria-Hungary. Patented

Feb. 7, 1911.

983,727. (Electrochemical Process for Cleaning and Pol-

ishing Siher Plate and the Like.) Anthony Maurice Kohlcr,

Brixton, London, England. Patented Feb. 7, 1911.

98,3,783. (Polishing Compound.) Charles S. Taylor, Los
Angeles, Cal. Patented Feb. 7, 1911.

983,851. (Process of Treating Bilnmiuuus Sandrock.)
Henry F. Williams, San Francisco, Cal. Patented Feb. 7.

1911.

983,8.54. (Metliod of Flavoring Butter.) George W. Yeo-
man, St. Paul, Minn. Patented Feb. 7. 1911.

984,525. (Method of Making Lead Chlorid.) Edwin O.

Barstow, Midland, Mich., assignor to The Dow Chemical

Company, Midland, Mich., a corporation of Michigan. The
process consists in treating metallic lead with a solution of

chlorin in the presence of carbon. Patented Feb. 21, 1911.

984,.543. (Compound for Forming Paring.) David Crock-

ett, Birmingham, Ala. Patented Feb. 21, 1911.

984,.566. (Detergent.) Edwi Eli Johnson, San Martin,

Cal., assignor, by direct and mesne assignments, of one-half

to M. J. Pope, St. Louis, Mo., and one-half to Frank D.

Thorne, New York, N. Y. Patented Feb. 21, 1911.

984,.578. (Manufacture of Sugar.) Henry Armand Joseph

Manoury, Paris, France. Patented Feb. 21, 1911.

984,605. (Method of Producing Nitrogen and Carbon Di-

oxid from Gaseous Products of Combustion.) Max Reichel

and Heinrich Braun. Berlin, Germany, assignors to Nitro-

gen-Gessellschaft M. P.. H., Berlin, Germany. Patented

Feb. 21, 1911.

984,703. (Process of Making Sulfuric Acid and Electroly-

tic Iron.) Alexander S. Ramage, Detroit, Mich., assignor

by mesne assignments, to National Tube Company, Pitts-

burg. Pa., a corporation of New Jersey. The process con-

sists in dissolving a ferric ore in sulfuric acid reducing the

ferric sulfate to ferrous sulfate by sulfur dioxid, electrolyz-

ing the resulting ferrous sulfate solution in an electrolytic

cell provided with an insoluble anode and with means for

preventing admixture of the positive and negative electro-

lytes, and depolarizing the anode by sulfur dioxid while main-

taining the electrolyte in the region of the cathode substan-

tially free from sulfur dioxid. Patented Feb. 21, 1911.

984,722. (Composition Yielding Ozone.) Alexander H.

Twombly, Summit, N. J., assignor to Gerad Ozone Process

Company, New- York, N. Y., a corporation of New Jersey.

The composition consists of cocoanut oil and ozone. Pat-

ented Feb. 21, 191L

984,818. (Process of Extracting Volatile Products from
Wood.) Frederick .\. Kummer, New York, N. Y. Patented

Feb. 21, 1911.

984,905. (Process and Apparatus for the Electrolytic De-
composition of Alkaline Salts.) James Greenwood, London,

England. Patented F'eb. 21, 1911.

984,925. (Process of Oxidizing Nitrogen of Air by Means
of Electric Discharges.) Karl Kaiser, Wilmersdorf, near

Berlin, German}-. The process consists in adding a small

amount of gaseous ammonia to a mixture comprising oxy-

gen and nitrogen, and subjecting the mi.xture thus pro-

duced to the action of an electric discharge. Patented Feb.

21, 1911.

983,887. (Process of Graphiticing.) Carl Fredrik Jakob

Forssell, Lakewood, Ohio, assignor to National Carbon

Company, Cleveland, Ohio, a corporation of New Jersey.

Patented Feb. 14, 1911.

984,075. (Process for Blackening Browned Ferro-Ferric

Hydrate.) James Taylor Carrick, Johannesburg, Transvaal,

deceased ; Elliot St. Maurice Hutchinson and Robert Gow
Ralston, executors. Patented Feb. 14, 1911.

984,090. (Treatment of Gold-Bearing .-intimony Ores.)

John Jones and Horace Sand ford Bohm, Shandon Hill,

Mount Morgan, Queensland. .-Vustralia. Patented Feb. 14,

1911.

984,1.37. (Process of Hardening Copper.) Robert A. Ham-
ilton and Joshua Henry, Connellsville, Pa. The process con-

sists in first making a compound by heating together metal-

lic aluminum and iron pyrites, and subsequently incorpo-

rating this compound into a molten mass of metallic cop-

per whose proportion is in excess of that of the said com-

pound. Patented Feb. 14, 1911.

984,143. (Process ot Manufacture of Tungsten Dioxid.)

.'\nton Lederer, Vienna, Austria-Hungary, assignor to West-

inghouse Lamp Company, a corporation of Pennsylvania.

Patented Feb. 14, 1911.
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984,221. (Production of Gases of High Oxidizing Effi-

ciency.) Charles Hornbostel, New York, N. Y. Patented

Feb. 14, 1911.

984,312. (Bleaching Composition.) Armand Stiegelmann

and Erich Dehnel, Ludwigshafen-on-the-Rhine, Germany, as-

signors to Badische Anihn & Soda Fabrik, Ludwigshafen-

on-the-Rhine, Germany, a corporation of Germany. Pat-

ented Feb. 14, 1911.

984,477. (Mineral Paint.) Minas D. Giffin, Arthur G.

Lingley, Terence Cassidy, and James Cassidy, Butte, Mont.

Patented Feb. 14, 1911.

984,483. (Process of Manufacturing Starch Soluble in Cold

Water.) Julius Kantorowicz, Breslau, Germany. The proc-

ess consists in adding caustic alkalis to starch suspended in

solutions of salt of the alkalis by which the starch is pre-

cipitated, then adding acids and separating the liquid from

the starch. Patented Feb. 14, 1911.

984,.503. (Producing Calcium.) William C. Arsem, Sche-

nectady, N. Y., assignor to General Electric Company, a cor-

poration of New York. The method consists in heating cal-

cium carbid in a substantial vacuum to a temperature at

which it decomposes, conducting away the resultant calcium

vapor, and collecting and cooling said vapor. Patented Feb.

14, 1911.

985,164. (Process of Making Printers' Rollers.) Charles

S. Hadley, Brooklyn, N. Y. Patented Feb. 28, 1911.

985,225. (Process of Making Steel and Ingot-Iron.) Benja-

min Talbot, Darlington, England. The process consists in

subjecting a charge of unrefined molten metal to a surface

blast and producing an o.xid of iron slag, adding a further

charge of metal to be purified, and blowing the combined

charges. Patented Feb. 28, 1911.

985,404. (Paint and Varnish Remover.) Carleton Ellis,

Larchmont, N. Y., assignor to The Chadeloid Chemical Com-

pany, New York, N. Y., a corporation of West Virginia.

Patented Feb. 28, 1911.

985,528. (Producing Acetylene Tcirachlorid.) Erich Hoe-

f:r and Martin Mugdan, Nuremberg, Germany. Patented

Feb. 28, 1911.

985,559. (Process of Preparing Bismuth Betanaphtholate.)

Joseph L. Turner, Philadelphia, Pa., and Charles E. Vander-

kleed, Collingswood, N. J., assignors to H. K. Mulford Com-

pany, Philadelphia, Pa., a corporation of Pennsylvania. Pat-

ented Feb. 28, 1911.

985,667. (Process of Obtaining Sulfur.) Walther Feld,

Honningen-on-the-Rhine, Germany. The process comprises

the steps of subjecting to the successive action of hydrogen

sulfid and sulfur dioxid, a compound of a metal the sulfid

of which is insoluble under the conditions of the reaction,

but is decomposed by the sulfur dioxid, whereby free sulfur

and a soluble salt are formed. Patented Feb. 28, 1911.

985,709. (Method of Waterproofing Cement Blocks.) Da-

vid F. Shope, St. Paul, Minn. Patented Feb. 28, 1911.
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By W. PURVES T.\YI.OR. M. S. C. E.
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THE UTILITY OF THE PYROMETER
CARBURETTED WATER GAG

MACHINES.-

ON

By CHESTER S. HEATH, CHICAGO.
Assistant Chemist Peoples' Gas Light & Coke Co.

The pyrometer is an instrument which is used to

mtasure comparatively high temperatures, such as

would be found in blast furnaces, muffle furnaces or

retorts, reverberatory furnaces, and in gas machines.

In connection with the first three furnaces mentioned,

the blast, muffle and reverberatory, the pyrometer has

been used for some time as an aid to the daily opera-

tions, and considerable literature has been written

about the pyrometer as used with those furnaces. Ijut

the use of the pyrometer in the daily operation of gas

machines is hardly past the experimental stage, and

practically no literature can be found upon the sub-

ject. It is, therefore, the intention of the author tt)

set forth some of the observaticjns made, and results

obtained, in the daily use of the pyrometer since it

was first installed in a gas machine under his super-

vision; namely, since September, 1908.

This article is not intended to be a purely scientific

treatise on the subject to be discussed, but one which

will be of practical value to the man in charge of

a gas plant, essaying to give a clearer understanding

of the conditions and temperatures found in water

gas machines, and to disclose such improvements in

the operations of the machines as have been the result

of the use of the pyrometers. Consequently, in va-

rious parts of the paper commercial terms which are

readily understood by men in the gas industry ma\' be

used instead of a scientific expression of the same

conditions.

For reasons which will be apparent in the discussion

of this paper, the class of pyrometers most adapta-

ble to our use is the thermo-electric pyrometer, con-

sisting of a thermo-electric couple or fire-end, a tem-

perature indicator and a temperature recorder con-

nected in parallel to the fire-end by copper wire.

The purpose of the pyrometer in the gas machine

is primarily to aid the operator in maintaining uni-

form temperatures ("heats," according to work's par-

lance) in the various parts of the machine, at the best

temperature for making gas of a desired quality

:

and, secondarily, to keep the general superintendent in

iciuch witii the operations of each gas maker on both

day and night shifts, as shown by the recorder instru-

ment. The object of this paper may be divided into

the following classification:

1. A determination of:

(a) the most efficient temperature to maintain

in manufacturing gas of certain quality.

(b) the efl^ects of carrying other temperatures.

( c ) the range of temperature that is practica-

ble.

(d) the limitation of theoretic operation bv

practical difficulties.

2. Illustration of the method of installation of the

pyrometer, so that

:

(a) the superintendent while at his desk in the

office may always be in touch with the opera-

tions of the gas makers.

TtteE^io - EtfiCTRic CcurLt

m
IflPICATOtt

>a
Cecoroer

•From a paper read at tlie 7th Annual Meeting of the
Illinois Gas Association, Chicago, 111., March 15 and 16. 1911.

Fig. 1—Diagram of Pyrometer.

(b) the gas makers may readily watch and con-

trol the temperatures in various parts of the

machine without leaving the operating valves.

3. A determination of the exact temperature in va-

rious parts of the machine while in operation in or-

der that w'e may have a clearer and more accurate un-

derstanding of gas machines.

4. An exemplification of features other than the

temperatures of operation, whereby the use of a

Ityronieter has been of benefit in practice.

5. A discussion of the results obtained and of

subsequent improved methods of operating the ma-

chine which are primarily due to the aid of pyrometers,

in such a manner as will be of interest to the average

gas man and will aid him in an understanding of ma-

chine operations, even if he has no intention of using

a pyrometer in his plant.

Before discussing the question of temperatures most

suitable for the proper and practical operation of gas

machines it may be well to describe a few of the or-

dinary conditions and troubles encountered before

the pyrometer was used. .\t that time the gas maker

was required to go downstairs to the floor below the

charging fl(X)r and walk around his machine (in the

case of type No. 2) or to climb up two flights of stairs



132 THE CHEMICAL ENGINEER Vol. XIII. No. 4.

and walk around his machine (in case of type Xo. 1 )

to sight holes, where he might look into the machine

and judge whether the brick were too hot or too cold

;

or whether the oil spray in the carburetter was work-

ing properly or was causing "dark streaks" through

the checker brick. It will be readily seen that the op-

erator could not make this trip very often and attend

to other necessary work, such as proper adjustment of

primary and secondary blast valves, regulations of

steam pressure and of oil admitted to the carburetter

within the limited time of these operations. \'er)

often it is impossible for the foreman to watch the

Uefore the instruments were installed, the life of

the machine was from 800 to 1,000 hours, due to the

formation of lampblack in the superheater. The

checker brick would often become so thickly coated

with carbon that the resultant back pressure would

decrease the amount of gas made to a marked de-

gree ; often the machine had to be shut down for two

days at a time in order to burn out some of the car-

bon by admitting air through the checkering doors.

When the machine was let down for repairs the bricks

would be covered with carbon and a<li, burned so

hail! a> to re(|uirc a iiick or sledge and bar at times

i

Instiuments are located in tlie center iif the pictiuc Ijelwce
the superheater and the lower for carburetter.

temperatures in each machine, as he has many other

duties which demand his constant attention. It may
be noted that in stating the fact that the gas maker

would judge the temperature of the brick the word

"judge"' was selected, for the eye may be deceived in

many ways as to the true temperature of brick sur-

rounded by a gas or gaseous vapor, and judgment at

its best, as we all know, is subjected to the per.sonal

equation. If one authority would say a machine was

too cold another would say it was too hot, what should

an ordinary gas maker do? There is no personal

ec|uation to a pyrometer and, as previously stated, it

indicates the true temperature irrespective of the sur-

rounding gas.

Fig, 2—Pyrometer Indicators in Generator House,
n tlie gas maker's desk and the gauge board—tlie upper one for

to remove them from the upper part of the super-

heater. Strict attention to the temperatures carried

in the operating machine and every other known pre-

caution were employed to overcome these conditions,

without any results imtil the pyrometer told the story.

The condition that the pyrometer revealed will be dis-

cussed and illustrated in the following paragraphs.

Upon the introduction of pyrometry in the gas in-

dustr\ in Chicago we found that there were three

points to be considered in placing the instrument

:

First, the best position of the fire-ends in the ma-

chine ; second, the most accessible position of the in-

dicating instrument for the gas maker ; and, third, the

most desirable position of the recording in.strument
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ior the superint<.'ii(l(.'m. It was necessary to lia\e two

sets of tire-ends in eacli machine to control tlie tem-

peratures properly, one in the carburetter and one in

the superheater. The carburetter temperature

was taken from the lower part of the car-

buretter, while the superheater was taken from the

top, which at tliat time was considered to be. and

Fig. 3.

was, usually, the hottest part of the machine. The

two indicator instruments ( one for the carburetter

and one for the superheater ) were placed directly in

front of the gas maker's stool and beside the gauge

Ijoard, as is illustrated in Fig. 2. and connected to the

fire-ends by copper leads 90 ft. in length. The re-

corder instruments for the various machines were

placed along the wall in the superintendent's office,

and connecte:' in parallel with the indicator

instrument to the fire-ends by copper leads

600 ft. in lergtb. which fact illustrates the adapt-

abilit}' of the thermo-electric pyrometer. By this ar-

rangement the gas maker can watch the temperature

rise or fall at all times without leaving his o]jerat-

ing valves. He can therefore regulate his primary.

secondary and superheater blast valves as conditions

demand, instead of operating by a "rule of thumb"

method. The superintendent by simply turning in his

chair is in constant touch with the generator hou.se.

He can tell at a glance which machine is down for

cleaning; how long each has taken to clean: how the

cleaning time comjjares with the record of piTvious

days : what temperature is carried by each machine

in operation during the present run and for any pre-

vious run ; which machine may not be in operation

and how long they have been shut down ; what tem-

peratures were carried during the night shift: and

how long a machine has been down for repair work.

The recording chart may prove of value in case of dis-

pute as to the exact time an accident had happened

on a machine and the length of time ref|uired to make

repairs, especially if the occurrence was during the

night shift.

\\'hen the first instrument was installed at Pitney

Court Station the temperature at the bottom of the

carburetter was not carried as uniformlj' as we now
carry the temperatures. (See Fig. 3 and Fig. 4 for

comparison. ) It may be noted that with the pyrom-

eter newly installed and before the gas maker knew
its purpose the variation in temperatures while the

machine was in operation was not excessive, being less

than 100"^ for the 24 hours, excepting for the period

just after cleaning, when the temperature had to be

carried low in the carburetter (by blasting more on

the fire and using less secondary blast) until the super-

heater was cooled down to a cherry-red color desired.

We observe by means of the superheater indicator

that the temperature of the upper courses always in-

creases to 1,600° or 1,800° during the cleaning or

clinkering time, an increase of as high as 400° above

operating temperatures. This was also noted in the

carburetter (as shown by records, Vig. 5), although

not always to such a marked degree as shown in the

superheater. When you are informed that it requires

from 6 to 10 hours to bring this excessive tempera-

ture down* to the desired 1,350° degrees in the super-

heater ( although the carburetter temperature can be

reduced in about an hour ) you can readily understand

that this is the ]3eriod during which coke is being

Fig. 4.

wasted and lampblack formetl, with the resulting loss

of candle power in the gas manufactured.

Improvements in the methods of handling the ma-

chine were then devised to prevent this increase of

temperature in the brick work during clinkering. The
gas machine had been allowed to stand open to the

*By means of careful manipulation of the blast valves, such as
increased primary blast (because the temperature of the fire Is

low after cleaning) antl decreased, or often no secondary blast
with a large loss of heat and waste of coke from excess gases
limning at the stack.
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circulation of a natural draft of air through the car-

buretter and superheater and out the stack. This air

would burn any fine coke dust or lampblack which

may have lodged on the brick during the previous pe-

riod of gas making and thereby raise the temperature

of the brick far above good operating conditions. To
overcome this trouble the circulation of air through

the machine was stopped, on some of the machines

by closing down the purge cap and on others by clos-

ing the up and down run valves in the hydrogen pipe

r
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the gas machine luicc, as the upper hall nt the super- chine to hx the i)il vapors as gases when the hrick are

heater is always checkered with old brick. The first old. It will be noted in comparing the following table

brick shows that some of the lighter fractions of the with the preceding that although the drop in temper-

gas oil have been burned on the brick, which fact is ature of the brick is somewhat less in the bottom of

noticeable only on the first and sometimes second the carburetter or 17 courses from the oil spray than

course. This trouble is overcome in a large measure it is nine courses from the oil spray when the brick

by delaying the admission of oil for a fraction of a are old, yet the drop is very slight in the bottom course

minute after the steam has been turned on, thereb\ when the brick are new.

reducing the temperature of the upper courses so that Date when -Drop in temperature-
the cold oil will not be over-cracked, or in work's par- No. Machine recheckered. New brick. Old brick.

lance, taking the "sharp heat" oft' the top courses. xo. 7 machine Oct., 1909 100 250

When the machine is shut down for repairs the brick >>'o- 8 machine Apr., 1909 75 275

,. , , .
, ,

... , No. Smachmc Oct., 1909 7o 300
nnmediately begin to cool and may easily be removed ^o. 9 machine Jnne, 1909 100 -200

by a long handled hook or by hand when sufficiently No- 9 machine Jan., 1910 75 150

cold, whereas it previously required two or three days This increased drop in temperature upon the addi-

to burn out the carbon and three or four more to cool tion of the same (|uantity of oil per run is a fair

off the lirick.s which had becnnie almost white hot by indication that the machine needs new checker brick;

Fig. 7—Checker Brick from Gas Machine Using Pryometer.

Note the freedom of brick from lamp lil;i( k. Tlie tup loursr m <_;iri)in .nier sljows sciiiic iiuiiied oil. which is difHcult to pre-
vent on the top com-se; other bricks show a tin la.ver of redjish dust; the last two bricks have been used twice as the upper
half of the superheater is always recheckered with old bricks.These bricks have been taken from an U-tt. gas machine after

L',400 hours' use in actual sas makins: time.

the intense combustion of this hue carbon. as the gas work's foreman would say, the machine

With the carburetter and superheater checkerwurk "won't hold her heats."

as free and open the day the gas machine was let In order to obtain information regarding the dis-

down for repairs as it was the day it was started, it triliution of heat through various types of gas ma-

became necessary to determine in a general way by chines and the variation in temperature at different

means of the pyrometer when the life of the brick points in the machine under operating conditions. I

was exhausted. \\'hen the brick are new there is onl\' took simultaneous records of the temperatures at

a .sli.ght drop in temperature in the bottom of the car- gi\en points for 14 consecutive days, noting the

buretter with the addition of a given quantity of oil changes in operation. The diagram of the three types

but as the brick become old the droji in temperature of carburetted water gas machines give a clear concep-

is greater for the same amount of oil used. The fol- tion of the points at which these continuous records

lowing table shows the loss in temperature as indicated were taken. (See diagram of types i. 2, 3, Figs. 8.

by the pyrometer with it^ hre-ends ])laced in the mid- 9 and 10). The black areas with their corresponding

die of the carburetter or nine courses down from the numbers indicate the position of the fire-ends in each

top. t.vpe. numbering from Xo. 1 on, in the direction of

Date when —Drop in temperature

—

travel of gas through the machine.
No. Machine. recheckered. New brick. Old bricl<. t . r 1 • \- , ,„,„,.^- ,,.„,-^ t^l-^^

No. 7 machine Jnne. 1909 150 300 ^" type oi gas machine \o. I. records weie taken

No. 7 machine Oct., 1909 200 350 of the temperatures of down-run gases at the base of
No. ^machine ?''

]t^l t^2 Tl thehvdrogen pipe just above the "W^amson"
No. !t machine June, 1909 250 400 . b 11 j

No. 9 machine Oct.. 1909 125 325 water-.sealed hot valve : of the gases at the top of the
\o. 10 machine July, 1909 175 375 livrlrop-pn ninp • of thp first course of brick in the
No. 10 machine Nov., 1909 200 325 11} drogen pipe, ot tne nrsi course 01 uricK in tiie

This increased drop in temperature is due in a carburetter: of the i-'th course of brick in the car-

large measure to the fact that the heat stored in the buretter near tlie center wall between the carburetter

brick is not as quickly conducted to the surface of the and the superheater ; of the 20th course of brick at •

old brick as it is in the new and therefore, more licat the farthest point from, and at right angles to. the

is required from the courses farther tlirou«lTthe nia- center wall: of the 23d cour.se as shown in the dia-
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gram ; of the 23d course near the center wall ; of the

39th course of brick (39th from the oil spray or 8th

from the bottom of the superheater); of the 50th

course of brick; of the 6ist course of brick near the

center wall; of the 61 st course away from the center

wall ; of the 62d course at right angles tn the center

wall ( top of superheater )

.

Fig. 8—Type No. 1.

In type of gas machine No. 2 records were taken

of the temperatures of down-run gases in the gener-

ator 4 ins. below the grate bars ; in the ash pit ; and

in the hydrogen pipe as indicated in the diagram ; of

the temperature of up run. down run and blast gases

at the top of the hydrogen pipe near the "Levy" valve

;

of the 9th course of brick from the oil spray in the

carburetter; of the T3th course; of the 17th course;

of the gases passing through the connection pipe be-

BAamesT Floop

Fig. 9—Type No. 2.

tween the carburetter and superheater ; of the 19th

course (or first course in superheater); of the 56th

course ( or top of superheater
) ; and of the gas in the

take-oft pipe.

In type of gas machine No. 3 readings were taken

from the top course and bottom course of brick in

one shell and the bottom course and top course of

the twin shell.

To discuss the results obtained at each of these

points in detail would require more time than may
well be taken in this meeting, but I shall be pleased

to go more fully into the discussion of any results

or conclusions in which you may be especially in-

terested.

The average temperatures obtained by series of

tests on type No. i water gas machine may be found

in Table i. The first column in the table indicates

the point at which the temperature was taken (see

Fig. 2) ; the second column indicates the number of

courses of checker brick between each position of

the fire-end and the oil spray; the third column indi-

cates the maximum temperature at each point, i. e.,

the temperature attained after blasting ; the fourth

CMAaoMfl fi

Fig. 10—Type ,No. 3.

indicates the minimum temperature, i. e.. at the end

of the run; the fifth indicates the loss in tempera-

ture at each point upon making gas ; and the si.xth

indicates the average temperature carried at each

point.

Remarks.

1

T.\BLE I.

Test Course of

Point, brick. Max. Min. Drop. .Average.

625 Center of 12 in. pipe

1610 End of blasting

1360 End of up run
720 End of down run
1500 End of blasting

1220 End of up run
920 End of down run

650 1270
50 1325 12 in. from wall
100 1220

60 1270
35 1320 12 in. from wall

30 1280
10 1305 12 in. from wall

1.320 12 in. from wall

20 1300
30 1315

In this type of gas machine the carburetter and

superheater are built side by side within a single shell,

separated by a 14-in. center wall of brick extending

from the lower arch up to the top of the machine.

There a-re about 31 courses of brick in the carburetter

4
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and 34 ill the superheater, it will be noted frcuu the

above table that the temperatures are quite uniform

on both sides of this wall, as shown by tests taken at

points 5, 8, 10 and 11, and also that the drop in

temperature during the run is very small at all these

points. Evidently this wall acts as a reservoir of

heat tending to maintain more uniform temperatures

throughout the fixing chambers.

The first few courses of brick performed the "heavy

duty" of vaporizing and cracking the oils as is strik-

ingly indicated b}- the plotted curve ( see Fig. in.

The cooling etifect of the oil on the first course is very

generator the temperature of the blast gases will sel-

dom exceed 1000 1'., but as each successive blasting

increases the temperature of this upjjer layer of coke,

the gases become hotter until they nia\- reach 1730 to

1800^ F,, as w'as found after three successive up runs.

The down run cools ofif the top of the fuel lied to such

an extent that the temperature of the blast gases

averaged 100° F. lower than after the preceding up

run, all other conditions being equal, it was found

that the average temperature of the blast gases at the

end of the blasting period was about 1610"^ F. at point

Xo. 2 anil about 1500° F. at point Xo. 3, showing a

:::::::::: ±±:;x:;;::t: ::::::::::::::; :::---t:
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tests on type Xo. 2 water gas machine may be tound

in Table II.

In this type of gas machine the carburetter and

.su])erheater are in two separate shells connected at the

bottom by a 24-in. pipe lined with fire brick.

The curve plotted from Table II (Fig. 12)

shows very clearly that the top nine courses of

brick perform the "heavy duty" in cracking the oils

:

that the average temperature of the brick is lower the

farther the course is from the point at wiiich the oil

enters : that the variation in temperature during each

run becomes less as the distance from the source of

almost a perfect circle. In the take-oft' pipe with the

tire-end in the cross above the wash-box (point 11)

we find that during the run the temperature of the gas

averages 1225° when the temperature at jioint 10 is

1275^ F.

It is well at this point of the discussion of the tem-

peratures of the brick in the two types of water gas

machines to compare the character of the two curves.

( I-'ig. II and Fig. 12.) We find that in type Xo. I

machine the oil has been completely "cracked" befcjre

it leaves the carburetter and the superheater performs

its true function of fi.xing the gaseous hydrocarbons.

fl
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Fig. 12.

oil increases; that the variation at the bottom of the

superheater is about the same as at the bottom of the

carburetter (excepting at such times as the gas maker
uses the superheater blast for one or more runs when
the variation is about 250°.** The loss in tem-

perature in passing through the false bottoms of the

carburetter and superheater and the 24-in. connecting

pipe is clearly shown on the curve. The temperature

at the top of the superheater (point Xo. loj recorded

••Note—When the superheater bla.st vahe i.-; opened wide
the velocity of tlie air evidently drives the zone of combustion
higher than No. 9 hole as the temperatme remains about con-
stant for the first part of the blast, wliile tlie temperature at
No. 10 hole rises about .".rt degrees. Toward the end of the blast
when the Carbon Monoxide in the blast gases increase's, the
zone of combustion is brought lower and the temperature at
No. fi increases about the usual amount (Imi deg.). If the
superheater blast is opened a small amount at first and increased
as much as may be necessary during the latter portion of the
blasting, the temperature of the brick at point No. 9 increases
about L'.'iO deg., while at No. 10 it increases only 25 deg..
indicating that the zone of combustion is low^r in "the super-
heat (m-.

In type Xo. 2 machine the curves indicate very clearly

that the oil has not been fully "cracked" in the car-

buretter; that a large portion of the wtjrk must be

completed in the superheater, in addition to the "fix-

ing" function of that chamber; and that these par-

tially decomposed hydrocarbons are subjected to a

sudden cooling of about ioo° F. in passing through

the 24-in. pipe connecting the carburetter and super-

iieater (which condition is not found in t\pe Xo. i^.

\\"e must therefore conclude that type No. i is a much
better proportioned machine than type X^o. 2.

A sEort description of the test on the temperatures

of the down run gases before entering the carburetter

may be of interest. The fire-ends were especially pre-

pared to secure the temperatures of the gases quickly

and accurately. A ^^-in. iron pipe 4 in. shorter than
the fire-end was used as a jacket to protect and
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support the long wires. The hoi junction extended

4 in. beyond the open end of this )^-in. pipe so as to

come in direct contact with the down run gases, while

the cold end was held in a stuffing box packed with

asbestos at the outer end of the 3^-in. pipe. Three

fire-ends, prepared in this manner, were placed in

the bottom of the generator about 4 ins. below the

grate bars (
point No. i ) ; in the ash pit under the

blast boxes (point No. 2) ; and in the hydrogen pipe

between the generator and the carburetter (point No.

3) : the results of this test (see Table No. 2) indicate

much lower temperatures of the down run gases than

was anticipated. The clinker and grate bars, cooled

by the cold air blast and by the up run steam, de-

creased the temperature of the down run gases to an

average of 1025° : the cold blast boxes reduced the

temperature to 625° (a loss of 4CX)° ) : and the radia-

tion from the lower part of the hydmi^en pipe re-

TAIII.K NO. II.

Test Course of
Point. Iirick. Ma.x. Min. Drop. Average. Remarks.

1 1025 4 in. below grate bars

2 625 In ash pit

3 475 In hydrogen pipe

4 1750 1400 1.575 Up run gases

5 i) I().50 11.50 .500 1400 Old brick
1.550 13.50 200 1450 New brick

6 13 1500 1350 1.50 1425 New brick
7 17 1.500 1275 225 1390 Old brick

1450 1350 100 1400 New brick

SconnectionlOOO 11.50 4.50 1375 Gas temp,
pipe]

n 1!) 15.50 1300 250 1425 With superb, blast

1375 1275 100 1325 Without superh. blast

10 5(i 1350 1300 50 1325 With superh. blast

1275 1275 1275 Without superh. blast

11 1225 In take-off pipe

duced the temperature to 4/5° (a furtlier loss i>f

150").

Tlie relative temperatures found througliout the

type No. 2 gas machine are illustrated by the Com-
posite Chart (Fig. 13). The chart is composed of

records taken from eight parts of the machine during

the time between 11:30 a. m. and 2:30 p. m.. and

arranged in the order of the gas travel. The numbers

indicate the position of the fire-end in the gas machine

from which the records were taken, as shown in the

diagram of type No. 2.

The third diagram shown (Fig. 10) is upon a type

of water gas machine which is seldom seen in use at

the present day, but it illustrates very markedly the

use to which the pyrometer could have been put as

a decided aid in operations in the past. This machine

has two generators side by side connected by pipes

and valves, above each of which is a fixing chamber

filled with checker brick at which point oil is admitted

for carburetting the gas. Aljove this short chamber

is another, but taller, fixing chamber likewise filled

with checkered brick, much for the same purpose

as the superheater in the other types. Each shell has

its own take-oft" pipe, purge cap, wash box, etc. When
up runs are made the steam enters the bottom of each

generator and the two shells are operated as inde-

pendent machines. \\'hen down runs are made the

two shells are operated together as a single machine

;

steam enters the top of the superheater of one shell,

becomes superheated steam in passing through the

checker brick, is gasified in passing down through one

generator and up through the other; a large cjuantity

of oil is admitted in the second fixing chamber and

the gases become properly fixed in the upper portion

of the twin shell. It will be seen that after a down

run the top courses of one ^.hel! will always be con-

siderably colder than the other. To operate two suc-

cessive down runs, one on one shell and the second

on the twin shell, does not overcome this difficulty,

as there is always one shell which will have the last

down run and that shell will be much colder than the

other. Here the i:>yrometer is a great aid if four fire-

ends are installed as shown (see I"ig. 10). The jiri-

Fig. 13—Composite Pyrometer Records of Comparative
Temperatures.

mary and secondary blast on each machine can then

be so manipulated with the aid of the four indicators

that the colder shell may be l.)rought to the desired

temperature without heating the other shell to an ex-

cessive temperatui'c during the blasting period. In this

type of machine the top of the sui-ierheater nia\' be

quicklv cooled to the desired teni])erature by rea>on of

the direct effect of the down nm steam.

It may be of interest to you at thi> time to note a

few features of more or less importance in the jirac-

tical ojieration of a gas machine which I have observed

incident to the use of the pyrometer.

The decided advantage a gas maker has in starting

a new machine with the constant and accessible aid

of the pyrometer by heating the bricks uniformly and

gradually throughout the machine without attaining

an excessive temperature in the carburetter, is clearly

shown by the fourth chart reproduced with this arti-

cle. (See Fig. 14.) The record of temperatures at

the bottom of the carburetter indicates that the blast
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was turned through the cold checkerwork at i p. in.

August 25, lyio, and that the brick were slowly and

-Steadily heated to a temperature of 1350° at this point

covering a period of two hours. At 3 140 p. m. the

machine was shut down for 10 minutes to readjust

the oil meter. l-"rom 10: to a. m. on the following

day to 12 m. the machine was cleaned and clinkered.

Xote the absence of any e.xcessive temperatures dur-

ing the cleaning time but rather the slight decrease

due to radiation.

When gas i> made with coke (blasting 4 minutes

and running 6 minutes ) it is very difficult to detect

horn the chart, recording the temperatures in the 17th

course from the oil -spray, just how long the primary

blast was used before the secondary was opened : but,

when hard coal is used ( blasting 6 minutes and run-

ning 6 minutes ) the chart shows very distinctl\' the

point at which the secondary was opened.

.\ steam run is readily detected on the chart thus

enabling the superintendent to note the carelessness of

a gas maker, who may allow the meter to pass an

excess of oil f<ir carburetting during a coujile of rtms

and then make the ne.xt a steam run to bring the meter

statement on the time sheet to the reading of the

meter itself. When the gas makers realize that it i^

possible to check their work they do become more
careful. There is a certain moral influence surround-

ing the pyrometer, a halo of mystery enveloj^ing that

chart over in the office, which the average gas maker
greatly respects. He will even refrain from smoking

in its presence for some months.

.\nother feature which is readilv detected bv the

carburetter instrument is the action of the oil si^ra)-.

If it is not properly adjusted, some of the openings

become closed with carbon, or the spiral fails to ro-

tate (as in the John.son spray), the oil will cool the

brick in one portion more than another, causing the

familiar "'dark streaks" in the carburetter. In this

connection I might say that the choice between the

use of different types of sprays has been simplified

in a large measure. C)n the one hand a stationary

spray was recommended which had no movable ]iarts

and required a minimum of repairs but gave a slight

''dark streak" in the center of the carburetter which

condition could not be avoided, while on the other

hand a spray was recommetided which had- to be

raised above the carburetter arch after everv run to

keep it from the heat of the blast gases and which had

movable parts, necessitating occasional repairs, but

gave 110 dark streaks when adjusted. The manv ad-

vantages of the former spray were not of sufficient

weight for its adoption when the pyrometer indicated

that this "dark streak" represented a temperature

about iooo° F,, whereas the temperature of the brick

2 ft. from the center was 1350'^ F.

The instruments in the carburetter and superheater

aid the gas maker in determining the condition of his

generator. If the stack gases show e.xcessive flame at

the purge cap ( due to the combustion of an excessive

su]jply of carbon mono.xide formed in the generator)

V hen the temperatures in the carburetter and super-

heater are at the desired points, the hre is too hot and

the primary blast valve should not be opened so wide

during tlie following blow. When the hre is not hot

enough to generate sutficient carbon monoxide to heat

the checker work to the desired temperature and to

show a thread i_)t blue llame at the stack toward the

end of the blow, more primar}- blast should be given

to the generator. ]W operating in sucli a manner the

])yrometer will aid materially in iiiainl:Lining a good

lire, and reduce the amount of coke waited by excess-

ive blasting with the primary.

1 recall one \ery interesting incident which oc-

curred about a year ago. Tiie recording chart taken

from the instrument on the morning of a sweltering

Julv day indicated a decided ih'dp in temiierature every

Fig, 14,

run or two during the ])revious afternoon ami night.

.\fter the oil spra\ had been examined and foiurd to

be in excellent condition, the chart was again referred

to and studied more closly. It was noted that there

was a certain regularity to the repetition of this in-

creased variation in temperature ( about twice the

average variation 1 ; that it occurred every second and

third run in the same order in whicli the down runs

occurred. I'pon examination of the hot valve between

the top of the generator and the hydrogen ])ipe. a small

i|uantity of coke breeze was found in the seat of the

valve which prevented a tight seating of the gate

during a down run and permitted live steam to escape

from the top of the generator to the carburetter,

causing the increase in the cooling of the brick during

the run. It is needless to say that the trouble was

immediately remedied.

Before .giving a short summary of the results ob-

tained with the pyrometer in carburetted water gas

machines it will be hardly necessary for me to empha-
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size a lew points wliuli I (.-onsider of chief import-

ance. I^mp black, 1 believe, is formed to a large

extent when the machine is started up after recheck-

ering with new brick. The heat in the top of the car-

buretter is allowed to run too high so as to obtain the

desired cherr\- red heat in the superheater as soon as

possible. Lamp black is also formed by excessive

temperature on the checkerwork after the machine

has been idle during the clinkering time caused by

the natural draft through the carburetter and super-

heater. Methods employed to overcome these diffi-

culties have been previously discussed.

The theoretic operation of a water gas set would be

the manufacture of gas with as high a temperature as

possible in the checker brick without the formation

of lamp black and thereby obtain the greatest possible

proportion of fixed, gaseous hydrocarbons. In prac-

tice we find other factors entering the problem which

limit the temperatures to be carried in the superheater,

and it will be noted how narrow these limits are.

Temperatures above 1500° F. produce considerable

lamp black in the superheater. A machine which car-

ries 1450° F. in the superheater would produce some

lamp black and would fill the works with naphtha-

lene in a short period of time. One carrying 1400°

F. produces some naphthalene trouble but practically

no lamp black. Machines operating from 1300° to

1350° F. produce hardly a trace of naphthalene in

the entire plant. Under 1250° F. the machines have

dirty seal pots showing tar and uncracked oils. The

practical limitations in gas machine control are then

complete decomposition of the heavier hydro carbon

oils and no serious trouble from the formation oi

naphthalene, i. e., clean seal pots and a minimum
amount of naphthalene. Best practice keeps the tem-

perature of the superheater between the rather nar-

row limits of 1300° to 1400° F. These temperatures

are based upon the use of gas oil having a gravity

between 33° Re and 35° Re of approximately the fol-

lowing analysis

:

Fraction. Per cent weight. Specific gravity. °B.

From
0° to 300° F. 1.79 .7666 54°

300 to 400 6.30 .8016 46°

400 to .500 25.49 .8299 40°

.500 to 600 .36.12 .8541 35°

60n to 700 24,44 .8820 .30°

700° and above 5.86 Residue Tar.

Sp. gr. of oil=.86.j0, corresponding to 33.2° Baunie.

[•"lash point=lfi4° F.

F'.nrning point—196° F.

In a general way it may be stated that with a given

quantity of oil used to carburet the water gas a tem-

perature of approximately 1250" in the fixing cham-

ber will yield a gas of about 16 per cent methane with

corresponding! V low heat value, while temperatures

approximating 1350° would yield a gas with nearly

20 per cent of methane, and relatively high B, T. U.

and temperatures approximating 1400" would yield a

gas containing as high as 22 per cent methane.

In conclusion I wish to summarize in a brief way

the principal results obtained by the pyrometer, direct-

ly or indirectly, in the practical operation of a car-

buretted water gas set.

The first and probably most essential point is that a

uniform temperature can be maintained in the ma-

chine and unless the gas maker has had considerable

experience this is a condition difficidt to obtain with-

out an instrument.

Second, the carburetting and fixing chambers have

Ijeen closed during the clinkering time in such a man-

ner as to prevent uneven and excessive temperatures.

Third, methods of operating the blast valves have

been devised so as to maintain a healthy condition of

the generator fire, with a minimum waste of carbon

monoxide gas burning at the stack.

Fourth, the absence of lamp black on the checker

work when the machine is shut down for repairs is

an indication that the oil for carburetting has been

utilized to the best advantage.

Fifth, the freedom of the works from naphthalene

has solved many problems, especially the disadvant-

ages of using oxide saturated with the light, flaky

crystals in purification of the gas.

Sixth, the gas maker can operate his machine more

carefully and intelligently with the constant and ac-

cessible indication of the temperatures in various parts

of the machine.

Seventh, the continuous record of temperatures car-

ried on each machine by night as well as day shifts

in the office where the superintendent nia\- fitid ready

reference, is of imtold value.

Eighth, the indicator and recorder will easily show

the condition of the oil s]3ray. The charts indicate

very clearly the time taken b>- each machine in charg-

ing, clinkering, repairing or waiting.

Ninth, the pvrometer may be utilized to indicate the

useful life of the checker brick.

Tenth, a better knowledge of the exact temperatures

found in various parts of the machine becomes very

useful in practical operations.

Eleventh and final, the extended use of the pyrom-

eter in operating all the machines in the plant under a

given temperature for a considerable period of time,

and subsequently under other known temperatures

for sufficient time, has proven of great Aalue in deter-

mining the practicable range of tempcratiu-e for good

operating conditions in the carburetted water gas

machines.

The value of the production of gold in the United

States in 1910, according to the United States Geolog-

ical Survey, fell below that of the record output of

1009, which was nearly $100,000,000. Preliminary

statistics compiled by the Director of the Mint indicate

that in iQio the value of the total production of gold in

the LTnited States (including Alaska and the insular

l)ossessions) was $96,035,214, a decrease of $3,618,186

from the value of the output in if)OQ. which was

$<")9.673.4(X).
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1,406,160 X 23.38

12

By MR. B. M. FERGUSON.f liters of gas available = 2,622,488.

Or,

The computation and results given in this article are 2,622,488

based on test data taken with the object of making a = cubic feet= 91.253.

chemical study of the operation of the gas producer, 28.3

and also to determine the thermal efficiency of the If the gas were a pure mixture of carbon dio.xide

machine. No meter was available to measure the gas and carbon monoxide the coal used would give off

generated, and various methods were used to deter- 91.253 cu. ft. of gas, but the gas obtained contained

mine this quantity, as will be shown below. only 26.25 per cent of carbon monoxide, plus carbon

The fuel used was a Virginia pea-anthrac.te. It dioxide: therefore, the cubic feet of gas given ofif

was not a good quality of coal for this purpose, as it
equal

contained a high percentage of ash and clinkered con- 91-253

siderably, constant poking at short intervals being " 347-500.

necessary to keep the fire clean and to promote com- -2025

bustion. A test of a similar coal has been made at '^'^e B. T. U. equivalent of i cu. ft. of gas is 125.5;

the government testing plant at St. Louis. therefore^total B. T. U. in 347,500 cu. ft. = 347.500

The analysis of the coal was made bv the standard '^ ^^^^^ ~ ^^'^^
\ '

^ ,, . , r v^.,„',
^ , , ., , - ^^ ^. B. T. U. equivalent of 4.076 lbs. ot coal = 4,076 X

method. The amount of combustible matter present 00 '

in the clinker taken from the producer plant from day ' ^ ~~7 .

' ' '

,

. , , , , ,

, ,
• , r , I r 1

The efficiency of the producer would, therefore, be
to day was determined from a sample taken from each j i-

dav's run, the object being to determine the amount 43. •,,,,, , ,,
/ ., ,

,

, .,

,

, ,11 = 00.5 per cent, if all the carbon available
of available combustible matter that came through -^ ->

r-

the producer unburned. The residue was weighed
,,

, ^ ^, . r 1 • xi r 1 A were actuallv converted into gas.
and represents the per cent of ash in the clinker, and „, % „ . ^ , 1 , j

^, . ., , ^, X r t- The actual efficiency of producer was calculated
100 minus this quantity equals the per cent of carbon

^ , , ,.,,., , •

. , ,. , from the data obtained during the test, taking into
in tne ciinrcer. . . 1-1

. .
account the loss of carbon going into the clinkers.

Calculations of the number of cubic feet of gas gen- e- » -i 1,1 * ™., . ^u^^ " Since no gas meter was available to measure the
erated in the producer, from the composition of coal . r <_ j •

^.i j j
'

.

' amount of gas generated in the producer and passing
and gas as determined Ijv analvsis, were made as fol- x ,u ..i r 11 • 4.1 ^ ^ 1*'

-
. - into the engine the following methods were taken as

lows, the figures representing an average analvsis of . • r 1 1 ..•

, ,
'1 basis of calculation

:

^ P The first method depends on the weight of coal

Component. Per cent, added and the weight of ash taken out during the test.

Oxjgen
'''°'''^^

59
'^'^^"' ^''O'" ^^^ analysis of the coal and ash and also

Carhon monoxide 19.59 from the analysis of the gas generated, the cubic feet

Hylh-ogen' '

.' .'

!

.' .'

!

.' .'

!

.' .'

.'

'.
'.

'.y.:'.:

.

.]'.'.:
: ; : : : : ; : : ; : : : ; : : :

:

itil «* s^^ generated can be calculated.

Nitrogen .58.72 If a complete set of data be taken during the test

.Average B. T. U. per cubic foot, calculatcrl from this ought to prove the most accurate method ; but in

analysis at o*^ and 76 cm. = 125.5. ^^^^ *^est the amount of coal and ash in the producer

Taking carbon dioxide plus carbon monoxide as the ^as not weighed, and reliable calculations cannot be

basis of calculation, i cubic foot of gas contains 26.25 ''"ade on this basis. From the analysis of the clinker

per cent of these gases. One gram-molecule of car- '^^ P*^'" '^^"^ °^ carbon was found to be as follows

:

bon
( 12 grams

) will occupy, as gaseous oxides. 22.38 p„^ ^^e first week ^."i^'"'um'^""'
^"

^islf
^'^^

liters of space as a gas, at temperature of o"" ami 76 For the second week .57..59 42.41

cm. pres.sure. Tliat is, for every 12 grams of carbon ^''?>'"^S" *°': ^^1
^''l

^v^^'-ks...... .51.59 48.41

.... . , , „,.',. l^er cent of ash in original coal = 16.53. There-
available in the coal, 22.38 liters of a mi.xture of car- r^,. „„ . r , , ^ • r 1 r 1.
, ,. .

, , ,
"^ .

,

fore, per cent of carbon lost m clinkers is as follows:
bon dioxide and carbon monoxide will be produced. S v 6
The total coal used in first week's test was 4,076 lbs. xr- , ,

^
^ ' I'lrst week —— .— ^17.4,

From the analysis of the coal we know it to con- rr 51 y -g
tain 76 per cent of carbon; therefore, available car-

57 59 X 16-3
bon in the coal equals : S^^o^^ ^^,^^^_ :L = 29.6.
4.076 X 0.76 = 3.IOO lbs

^2.41 X .76

3,100 lbs. X 453-6 = 1,406,160 grams. Since the observed data are incomplete these results

Since every 12 grams = 22.38 liters cannot be confirmed.

~Zr .u . - ^ .. Of the 3,100 lbs. of carbon put into the producer•From the American Gas Light Journal - 1. c t 1 <-> ^
tnetroit Gas Light Co., Detroit Mich '" the hrst week only 82.6 per cent was converted
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into gas, therefore, the puuiitb of carbon bnrned equal

3,ioo X 82.6 = 2,560.

Cubic feet of gas produced = 347,500 X 82.6 =
287,000.

Total B. T. L'. in gas = 125.5 X 287,000 = 36,-

000.000.

Total B. T. U. in 4.(>J(> pounds coal = 4,076 X
1 1,825 = 48,190.000.

Per cent efficienc)' of jjroducer =
36.000.000

• = 74-.S.

48,i90,c.x)<_>

Second week : Total coal used =^ 4,962 lbs.

Total carbon in 4,962 lbs. coal = 4,962 X -76 =
3.775-

Pounds of available carbon converted into gas ^
3.775 X .703 = 2,652.

Cubic feet of gas generated =
2,652 X 453-6 X 22.38

= 300,000.

12 X 28.3 X .2625

Efficiency of producer =
300.tx30 X 125.5

= 64.2 per cent.

4,962 X 1 1 ,825

Average results for the 2 weeks =
74-5 + 64.2

= 69.4 per cent.

2

THE CUBIC FEET 01-" GAS GENERATED, CALCULATED FROM

THE DEXSITIES OF THE (lASES.

Weight of I liter in grams of carbon dioxide' =

Pounds of carbon a\ailable in second week's test =
4,962 X -76= 3.775-

Per cent carbon lost in producer = 29.65.

Therefore, pounds carbon converted into gas =
3.767 X -7035 = 2,648.

Cubic feet of gas produced =
2,648 X 453-6

= 300, 100.

.14074 X 28.3

Efficiency of producer =
300,100 X 125.5

= 64 per cent.

4,962 X 1 1 ,82J

Pounds carbon available in two weeks' run = 9,038

X .76= 6,869.

Per cent carbon lost in producer = 23.5.

Pounds (.)f carbon converted into gas = C,869 X
-765 = :.25o-

Cubic feet of gas produced =
5,250 X 453-6

= 598,000.

.14074 X 28.3

Efficiency of producer =
578,500 X 125.5

= 67.7 per cent.

^ee Dowson and Sarter, page 269,

1.9650.

Weight of I liter in grains of carbon monoxide =
1-2505.

From the analysis of the gas we find 6.66 per cent

of CO.^ and 19.59 per cent of CCX therefore, the

weight of CC)^, and CO present in 1 liter of gas

equals

:

CO._. = 1.9650 X 6.66 = .131 gram.

CO = 1.2505 X 19.59= .245 gram.

Reducing CO., and CO to grams of carbon, we get

13

.431 gram CO„=;.i3i X — grams carbon ^ .03575.

44
12

.245 gram CO ^ .245 X — grams carbon = .105.

28

Total grains of carbon in liter of gas == .1407. -

Pounds of carbon converted into gas in first week's

test = 2,560 ; therefore, cubic feet of gas produced =
2,560 X 453-6

= 292,000.

.14074 X 28.3

Per cent efficiency of producer =
292,000 X 125.5

= 75-

4,070 X 1 1 .825

9,038 X 1 1 .825

These results are only approximately correct, and

are given mainly for the purpose of showing methods

of calculation. Calculation of cubic feet of gas used

by engine during test from heat absorbed in scrubber

water and heat given up by the gas in passing through

the scrubber was made as follows : The cubic feet

of water passing through the scrubber rise in tempera-

ture of the ingoing water and the fall in temperature

of the gas passing through the scrubber were taken

for each day. From this data we can calculate with

a fair degree of accuracy the cubic feet of gas passing

the scrubber.

B. T. U. given up by the gas for second week

:

2/22 = 353,270
2/23 = 340,000
2/24 = 474,120

2/25 = 451,640

2/26 = 562,620
2/27 = 426,100

Fall in temperature of gas multiplied by the spe-

cific heat of the gas

:

2/22(514— 55.25) X .019 = 8.71

2/23 (615 — 60.5) X .019 = 10..50

2/24 (630 — 58) X .019 = 10.82

2/25 (051—58.2) X .019= 11.25

2/26 (679 — 58.3) X .019= 11.80

2/27 (092 — 54.8) X .019 = 12.1

Cubic feet of gas delivered each day

:

353.270

2/22 = = 40.600.

8.71

346,000

2/23 = = 32,c)7o.

10.50

474,120

2/24: = 43,800.

10.82
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451,640

2/25 = = 40.200.

11.25

562,620

2/26 = = 47,600.

11.80

426,100

2/2-J
= = 35,200.

I2.I

Total == 240,370.

The equation expressing the above is

:

Cubic feet of gas X .019 (specific heat) X Ti —
T2 = B. T. U. given up.

B. T. U.

Cubic feet =
(Ti — T2) X.OI9

Where C^' — T2) represents fall in temperature of

producer gas passing through the scrubber.

240,370 X 1334
Efficiency of producer = = 62.

4.382 X 11,825

4,962 lbs. is the amount of coal used for the week, but

at the end of the test approximately 580 lbs. of un-

burnt coal remained in the producer. This, subtracted

from 4.962 gives 4,382, the figure used above.

Calculations of cubic feet of gas used in the engine

from revolutions

:

Counter at Counter at Difference

Start. Finish. in Cycles.

2/22 833.593 !I07,970 74,377

2/23 !)11.030 982,5oti 71,426

2/24 980,625 1 .059,274 72,649

2/25 60,844 125,710 64,866
2/26 130,780 202,183 71,403
2/27 .'116,002 258,243 52,241

Total 406,962

To get total intake strokes multipl\- bv 2 X 406,962

= 813,924.

Area of piston ^ 95-033 sq. ins.: 95.033 X '-

=

1,140.4 cu. ins. displacement per stroke = .6635 cu. ft.

Pressure in cylinders at beginning of compression

stroke = 12.7 lbs., absolute. Temperature of gases in

cylinder estimated at /'/'^ F.

To correct volume

—

PiVi=PsVs

L ENGINEER \ol. Xlll. No. 4.

T
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IMPROVEMENTS IN THE KNORR FAT EX-
TRACTION APPARATUS.-

Modified fiasks and tubes in connection with the

Knorr fat extraction apparatus have been used for

some time in the laboratory of the Bureau of Cheni-

istr},' of the U. S. Department of Agriculture, and are

stated to has^e proved more satisfactory than the regu-

lar forms. The following description of these im-

provements is given by !I. L. Walter and C. E. Good-

rich. Assistant Chemists, Aliscellaneous Division, bu-

reau of C'h'i-nii^lr}-. in ;i recently issued circular of the

Piureau.

Fig. 1—Old Form of Knorr Extraction Apparatus,

The common form of Knorr extraction apparatus

presents a few difficulties in manipulation, some of

which the authors have eft'ectively overcome. These

difficulties are

:

( 1 ) In many cases tlie ether which condenses in

the lower part of the condenser cannot return freely to

the flask because the extraction tube fits too snugly

in the mouth of the fiask. In this case all the ether

soon collects in the space C, Fig. i, and the flask lie-

comes dry.

( 2 ) There is a tendency for many of the samples,

together with layers of the asbestos felt, to push up-

ward in the tube by the expansion of air and ether

vapor which they inclose.

(3 ) When a sample is very fluffy, as alfalfas, for

example, the ether runs through so rapidly that it fails

to reach all parts of the samjile, and consc(|uentl\- gives

a poor extraction.

(4) The form of extraction tube ordinarily em-

ployed has several disadvantages which will be dis-

cussed later.

The first of these difficulties was overcome as fol-

lows : A glance at Fig. i will show that the escape of

ether vapor from the flask of the Knorr extraction ap-

paratus is accomplished by supporting the tube A upon

the flask by means of three glass projections D on the

lower part of the tube, which raise it somewhat above

the rim of the flask. This is easily accomplished, even

though only a small space is left between the flask

and the tube, but those who have used the tube to any

extent know that considerable ether condenses in the

lower part of the condenser and soon fills the space C

•To insure the free use of this invention to the public, letters
patent have been applied for.

Fig. 2—Modified Form of Flash.

above the mercury seal. After enough has condens«'d

to reach the top of the flask, the ether begins to flow

back into it. To take care of this return flow is

very difficult, and in many cases impossible, without

using some other means to support the extraction

tube.

Two holes in the neck of the flask effectually over-

came the trouble, besides making possible other valu-

able improvements in the apparatus. Fig. 2 shows the

flask with the holes. It will be noticed that the amount

of ether collected in the space C when the flask with

this modification is used is much less, making a sav-

ing of about ID cc. in each extraction.

The holes are about J4 in. in diameter and are

placed opposite each other at a distance approxi-

mately 34 in. above the upper mercury line or above

the line of the trough.

The second and third difficulties were overcome by

means of a simple spring shown in Figs. 3 and 4, a de-

scription of the spring and its uses being given in the

following paragraphs.
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It is well known to all who have used the Knorr

ether extraction apparatus that the sample and some-

times lajers of asbestos are pushed up toward the

top of the tube by the expansion of the air and ether

vapor which they inclose. Not only is there danger of

losing in this way the sample for the crude tiber de-

termination, l)ut there is a chance of foreign sub-

Fig. 3—Perspective Drawing of Spring.

Stances reaching the interior of the fat flask, and the

cushion formed of air, ether vapor, or both, materially

checks the ether and extract on their way to the flask.

This, as one can readily see, prevents thorough ex-

traction, even though the sample be not pushed over

the top of the extraction tube.

The remedy hitherto employed consists in striking

gently the portion of the condenser surrounding the

tube, at the same time holding the flask to ]M-event

XJ

Fig. -1—Spring in Position in Tube.

breaking. .\s a r\de this serves to break up the

cushion of air. but it is often necessary to reuKJve the

tube from the condenser and push down the samjile

with a stirring rod. Every time a tube is taken from

the condenser there is danger of mercury getting into

the fat flask, despite the best precautions. Even after

the sample has been restored to its proper place in the

tube b\- either r>f the foregoin methods, the cushion of

vapor is likely to form again, requiring a repetition of

the procedure just described.

A simple spring was, therefore, designed to avoid

this unnecessary care and loss of time. It is made of

No. 19 spring brass wire, and is of the form shown

in the perspective drawing. Fig. 3. The parts con-

sist of the upright B, at the lower end of which is

formed the open equilateral triangle T. -\t the top of

B the wire is l)ent into a single coil C and extended

in the portion D. the end of which is bent at E to

facilitate inserting it in the tube. A slight double

cur\-e should be given to B, as illustrated in the draw-

ings, so that the points X and )" shall be in contact

with the sides of the tube thereby holding the ap-

paratus in a vertical position.

The plane of the triangle T should be ])erpendicular

Fig. 5—New Form of Extraction Tube.
a, perforalpci disk; Ij, wire riveted to disk; c, size ^4 in.

to B. The length of its sides will vary according to

the inside diameter of the extraction tube and shotild

be such as will allow a slight amount of play. The
])Iane in which B and D lie must bisect the angle A
to insure an upright position of the apparatus in the

tube.

To use this apparatus proceed as follows

:

Drop a perforated platinum (or nickel) disk on top

of the sample so that it will lie in a horizontal posi-

tion. Press B and D between the thumb and fore-

tinger and push the spring down into the tube until T
presses flrmly against the disk : in fact it does no harm

to compress the sample slightly. The complete com-

bination is shown in Fig. 4, O being the sample and

/' the disk. D presses finnly against the side of the

tube, thereby liolding the apparatus securely in place

at any height.

B jhould have a length of about 50 mm., and D
40 mm., the loop C being 15 mm. in diameter. It is

not necessaiw to use exactly these dimensions, but

care should be taken to have C below the top of the

extraction tube, otherwise the ether in falling from
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the CDiuienser may striue the wire and he scattered

over the side of the tube.

With flasks modified as described it is possible to

use the form of tube shown in Fig. 5. The advan-

tages of this tube over the old form are many. ( i )

The initial cost is much less, since for most solvents

used the disks and wire may be of nickel instead of

platinum. A few platinum disks may be kept on hand

and used when the nature of the solvent requires it.

1^2) The sample after being extracted with ether can

be much more readily transferred to the crude tiber

flask by merely using a glass tube small enough to

enter the constricted portion of the extraction tube

easily, and pushing out the disk, asbestos mat, and

sample. The wire attached to the disk should enter

the small glass tube. In most cases this operation

takes the sample out clean, but it is very easy to wash

out anv particles that may adhere to the sides. ( 3 I

Manv tubes of the old form were defective and not

able to stand the vacuum pressure, the disk being

drawn into the bulb. Another source of loss was the

breakage caused by heating too dry the asbestos felt.

a large percentage of tubes developing cracks from

the strains due to the projections D (Fig. i ). The

tubes here described, when broken, can be replaced

for a few- cents and the disks will last for years.

The price of the old tubes is about $1.30 each.

while the new form, with the disk, will cost prob-

ably about 10 cts. These modified flasks and tubes

have been used in this laboratory for some time and

have proved much more satisfactory than the reg-

ular form.

THE ACCURACY OBTAINABLE IN FUEL
CALORIMETRY."

By G. NEVILL HUNTLY.

A recent report of the Indian Foreign Department

furnishes interesting data in regard to India's ability

to meet the world's demand for wood pulp. Among
the many materials referred to in the report the most

important is bamboo, which, it is claimed, if properly

taken in hand, may be expected to become the lead-

ing material, as the pulp made therefrom resembles

closely that made from American and European

spruce and fir. In those districts where the bamboo

grows with most luxuriance (Bengal, Assam, Burma.

etc.) the supply may be described as almost inex-

haustible, for it reproduces itself naturally ; and by

a judicious system of cutting a mill located in a suit-

able district could depend upon a perpetual supply

from the surrounding area. Paper mills in India have

so far not been largely remunerative, owing to the

fact that they have to obtain the raw material from

long distances and the cost of the freight eats up the

profits ; but by the establishment of wood-pulp fac-

tories in this country the freight item could be elim-

inated and India would be in position not only to

supply its own requirements in cheap paper now pur-

chased abroad ("the imports of paper and pasteboard

in the fiscal year 1909 amounted to $3,007,500 and in

the year 1910 to $3,284,900), but could also export

wood pulp.

The economic importance of the determination of

the calorific value of solid and liquid fuels is receiv-

ing increasing recognition among fuel users, and this

is especially the case in the United States and on the

Continent. The widely discrepant results obtained in

the past in difterent laboratories for the same sample

of coal led many engineers to regard laboratory tests

as useless. These discrepancies have been traced to

two causes, the imperfections of the calorimeters used

and the errors of sampling. Comparisons of the vari-

ous types of calorimeter' have shown that the bomb
calorimeter gives more consistent results than any

other form, and the Berthelot calorimeter is now by

general agreement looked upon as the standard in-

strument. The operation of sampling is one over

which the analyst has usually no control, but if car-

ried out with due care the limits of error can be

shown to be of the same order as those of the calori-

metric measurements. Consecutive determinations

with a bomb calorimeter give such concordant re-

sults that there is a natural tendency to exaggerate

the accuracy obtainable. Numerous bulletins of

great value have been issued by the U. S. Geological

Survey and by the University of Illinois embody-

ing the results of a systematic study of various coal

fields in the United States, and in all of these the

calorific value is given to five significant figures (e. g.,

14,949 B. T. U. per lb.) These arithmetical exercises

appear to be taken quite seriously by engineers, as

for example in Bulletin No. 31, University of Illinois,

where the corresponding boiler efficiencies are worked

out to the second place of decimals, as 58.18 per cent.

Similar examples could be easily quoted from our

own engineering journals. It will be shown in this

paper, that apart from errors of sampling, an experi-

mental error of 30 B. T. U. per lb. represents the

limit of the most careful work, and for estimations

carried out under commercial conditions errors of 150

B. T. U. per lb. may be regarded as probable.

The possible errors may be classified in three groups

concerned with (i) the thermometer; (2) the cor-

rection for cooling: (3) the determination of the

water equivalent.

THE THERMOMETER.

There seems to be no work in English in which

the difficulties of accurate thermometry are adequately

dealt with. The only exhaustive book on the subject

is that of Guillaume, "Traite pratiqi:e de la thermom-

etrie de precision," Paris, 1889, which, although writ-

ten 21 years ago. still remains the standard work on

the subject.

The electrical resistance thermometer under favor-

From the Journal Society Chemical Industry-
'See Gray & Robertson. Journal Society Chemical Industry.

1904. p- 704. and Brame & Cowan, loc. cit.. 1902, p. 1230.
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able conditions undoubtedly gives a higher accuracy

in temperature measurements than the mercury ther-

mometer, but in practice, in spite of its defects, it is

the latter which is generally used. Apart from the

cost of equipment, the question of vibration militates

seriously against delicate electrical measurements es-

pecially in chemical laboratories in large towns or in

a power station. With the mercury thermometer it

seems to be generally assumed that the longer the de-

gree and the larger the number of divisions into

which it is divided, the more accurate will be the

readings, and hence an instrument of the Beckmann

type, with a range of about 6= C. divided into liun-

dredths of a degree, and possessing a degree length

of about 30 mm., is a favorite one. Apart from the

disadvantages of the German type of thermometer-

it was pointed out by Guillaume that no real advantage

is gained by increasing the length of the degree above

10 nun., as the capillarity errors then become more

important than the calibration errors, and this is es-

pecialK- the case in calorimetric thermometers, in

which the capillarity efifect is doubled if the thermom-

eter is rising in the ]3reliminary period and falling

in the after period. The type of thermometer adoi)ted

by the International I'.ureau at Sevres and constructed

bv Tonnelot, is made of hard French glass with a de-

gree length of about 10 mm., and is divided on the

stem into tenths of a degree. The stem is transparent

so that the readings are not obscured by the thick-

ness of the lines, an important advantage. From a

thermal point of view i
temporary depression of the

zero I the French hard glass is only slightly inferior to

Jena glass and it possesses the great advantage that

fine sharp lines can be etched tm it, down to 0.02 mm.
wide. The author has not been able to get thermom-

eters of Jena glass with divisions narrower than o.c6

mm., and these are somewhat ragged in outline when

magnified in the telescope. When suitably illuminated

and read thnnigh a telescope the division is 0.1 and

be read by estimation to one-hundredths, or o.oi

(see Guillaume on this point).

An eye-piece micrometer may be used for these

readings, but it will be found that after .some practice

the micrometer may be dispensed with. A simjjle way
of testing the accuracy of estimation is to prolong the

obscr\-ations of the cooling period after a combustion

and ))lot the results on an open scale : the deviations of

the readings from the straight line will show the' errors

of estimation.

Since, in s])ite of its defects, the short range Beck-

mann thermometer is very generally used, it mav be

worth while to ])oint out its most obvious faults and

the means of eliminating them. Tubes with a flat

elliptical bore should be rejected, as the capillarit\-

errors are very irregular and the thread descends in

jerks even though the stem be constantl\- tapped. The
lines should be as fine as possible, as with, say three

lines to the millimeter, a line o. i mm. wide represents

an error of 0.003" when the thread is over the line.

Instruments by dift'erent makers vary very much in

the thickness of the divisions. In some thermometers

of English make divided into fiftieths, the lines are so

coarse that readings closer than o.oi ° cannot be made.

A more seri<jus error, and one which sometimes ap-

pears to have been quite overlooked, is due to the fact

that the value of the degree is variable, and depends

on the temperature at which the instrument is used.

A rough correction table is given in the Keichanstalt

certificates, but this only applied when the ther-

mometer is immersed to the zero line, a condition not

generally possible.

2iIoreover, it is obvious that the value of the degree

mus.t be determined by comparison with a standard,

divided in tenths, and if, as seems to be commonly as-

sumed, the latter can be read only to hundredths, the

possible error of comparison over at 6" range is I in

300, and as a matter of fact it may be larger than this,

owing to the impossibility of checking any zero change

on the Beckmann thermometer. ( For another method

of dealing with this, see determination cif the value of

the degree. )

in the determination of a temperature the ther-

mometer reading requires to be corrected for : ( i )

Calibration. {2) External pressure. (3) Internal

pressure. ( 4 ) Zero. ( 5 ) Correction for the funda-

mental interval (value of the degree). (6) Exposure

Correction. (7) Reduction to the normal hydrogen

scale.

Calibration.-—The effect of this correction is to

compensate for the inequalities of the bore of the tube,

and to reduce the readings to those of a truly cylin-

drical tube of the same mean cross-section. If the

maker has endeavored to allow for the inequalities of

the bore in his graduations, an accurate calibration is

difificult, if not impossible; the divisions should be

e(|uidistant and if the calibration is to be carried out

to an accuracy of I 100 of a division, the equidistance

of the divisions must be of the same order of accu-

racy and the lines as narrow as possible. If, as on a

6° Beckmann thermometer, an accuracy of I 10 of a

division is sufificient, the mean of half-a-dozen Gay
Lussac curves with threads of different lengths will

be good enough : if an accuracy of o.oi division is

aimed at the operation is more delicate, the Xeumann-
Thiesen^ method retfuiring the least expenditure of

time. The labor spent in the calibration is well repaid,

since a comparison of -the observed and calculated

thread lengths clearly defines the accuracy of estima-

tion of the observer. In this coimtry there is some

difficulty in getting a well-calibrated thermometer ; the

National Physical Laboratory does not undertake the

calibration of thermometers. The International Bu-

reau at Paris carries out such calibrations with the

highest precision, but it would appear that the staff

has been reduced and there is some difficulty in get-

ting such work done now. The ordinary Reichanstalt

'See Methodes de Calorinietrie, W. Louginine & A. Sohuk.irew
p. 3.

'See Guillaume and the Report of the B. A. Committee (ISSL'l
for detail.*!.
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cerlilicate, such as is obtained il a ihcnnomcU'r is

Ixnight with a certificate, is accurate to 0.1 division

onl\-. Inn thcniiomcters satisfying certain conditions

can be calibrated with a higher accuracy. The !'>. .\.

committee considered o.ooj (o.oJ division) as the

hmit of possible accuracy ; (Juillaume regard.s an ac-

curacy of 0.001 (O.oi division) as attainable ]iiii\ided

certain conditions are observed by the maker. In this

connection it should be noted that the thermometers

studied b\' the 11. .\. committee were not etched with

ec|uidistant lines.

External Pressure.—Since the bulb is rixed during

the experiment and the time of an experiment is short,

the effect of external pressure on the temperature dif-

ference is negligible.

Internal Pressure.— If a thermometer shows a dif-

ference of n true degrees in a horizontal position, il

reads n( 1 — P. 1 1 degrees in a vertical position, where

I'l is the coefficient of internal pressure and i the

length of the degree. For calorimetric \ 'ork this may
be conveniently included in the ^•alue of ii''e degree.

Zero.— J'or a rise of 3° the tem])orar-' de])ression

of the zero is of the order of o.oo_v' f'.r 1 \ench glass.

rather less for Jena glass. The action, however, re-

quires time, and would be scarcely appreciable in the

five minutes of an experiment: even if appreciable,

the error cannot be exactly determined.

Correetioii far the Fundamental Interval.—Mxcept

by accident, uo thermometer has a degree exactly

i/ioo of the fundamental interval. If the instrument

contains the t\\i> tiindamental points this error can l)c

determined directl}". A convenient type is graduated

in tenths from —^2°, to 52'^ C. then a bulb and fur-

ther graduations frmn ij8"' to 102 . This forms a self-

contained standard, but since the transition point of

sodium sulphate is now known accurately ( 32.379 ) a

range —2° to +34° is equally suitalile for calorimetric

work. This is first calibrated in princi])al points (V"

apart in the interval (—2", 34" ) converted into the

fundamental inter\al (O. 32.38 ) and, to save labor,

only such sections further subdivided into 1° intervals

as may be required by the temperature range of the

labiiratorw P'or shurt range thermmneter with \ari-

able zero, the onh" really practical plan seems to be

an experimental determination with the bomb itself.

For this purjjose a consiilerable (|uantity of a ])ure

substance is prepared, such as naphthalene or lienzoic

acid, and ever\- time the quantity of mercur\- in the

bulb is altered the water equivalent is deternnned in

the usual wav, keeping the weight of water fixed.

The temperature rise is corrected for calibration, radi-

ation, fuse anrl nitric acid. The mean temjierature of

the water in the calorimeter is measured with an

ordinary thermometer.

In this way, a series of results will be oI)tained from

which the apparent water ecpiivalent can be plotted as

a function of the temperature. The following cor-

rections are thus eliminated : Internal pressure, \alue

of the degree, exposure of the stem, variations in the

specific heat of water and of the calorimeter, bomb.

etc., and reduction to the by<lr<>geii scale if the

calorific value taken for the naphthalene or benzoic

acid has itself been expressed in that scale. It is

worthy of note that the errors of calibration of the

tube are not corrected in this wax.

E.vposure Correction.—This correction is an uncer-

tain one at the best. 1 f the w ater equivalent is de-

termined by the combustion of substances the heat

of combustion of which is taken as known, as above.

it is elinnnated. It is not nicjre than one or two-thou-

sandths of a degree, and is usually neglected in calori-

metric work.

Reduction to the X ornial Hydrogen Scale.—This,

correction just comes within the limits of error. \

rise of 3° { 15° — 18°
) measiu-ed on the scale of Jena

glass r6 III is 3.010" on the normal scale.

These considerations lead to the conclusion that for-

a temperature rise of 2° to 3 with a mercury ther-

mometer of the first order completely studied before-

use, and after all possible corrections are applied, an

accuracy of o.i per cent to 0.2 per cent cannot be ex-

ceeded. \\'ith a thermometer coarsely graduated and

uncalibrated the error might amount to over r

]}er cent.

The concordance of two or three consecuti\e de-

terminations is quite misleading as a criterion of the

real accuracy. As illustrating this point five deter-

minations of the water ec|uivalent of the same-

calorimeter (by combustion of naphthalene) made at

intervals of about two months with two thermometers,

divided into tenths, at teni])eratures ranging from 8°

to 20", after full}- correcting, gave for the water-

equivalent at 15" C. : (1) 2,504; (2) 2,497; (3'

2,495 : • 4 I -.505 : ( 5 ) 2,500. .\'os. i to 3 were made-

with one thermometer, Xos. 4 and 5 with another.

Two consecutive observations with a P>eckmann 6'"

thermometer gave 2,51''', 2,517, for a temperature of

15° C. The two last determinations, in spite of their

close agreement, are 0.7 ])er cent too high, owing to-

the chapged value of the degree.

THE C0RR1-:CTI0.\ Fori KADI.\TION.

riiis correction is second in importance only to the

thermometer corrections. With a properly designed

bomb calorimeter it is of the order of i per cent of

the temperature rise. It is generall\' recognized that

the so-called Regnault-l'faundler correction gives the

nearest approximation to the actual loss, but this,

seems to lie looked upon as too complicated for tech-

nical work, and either the correction is dropped alto-

gether ( Hempel, Jakob), or an approximate empirical

correction is applied (Mahler. ( iramberg. Langfiein,

( Iray, and Robertson, etc.). If the observations are-

entered on a suitabh- ]irinted or graphed log, the cal-

culation of Regnault-Pfaundler correcti<in, assuming

a slide rule is used, is a matter of five or six minutes

at most, and it is a little difficult to understand why

30 to 40 minutes should lie regarded as profitably spent

in determining the amounts of nitric acid and sul-

phuric acid formed in the combustion, the con-ibined
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effect of which rarely exceeds 0.5 per cent of the

heating value, whilst a quarter of the time is regarded

as too much for the more important cooling correc-

tion. The meaning of the Regnault-Pfaundler for-

mula does not seem to be well understood, since sev-

eral authors remark that instead of using this compli-

cated expression the simple application of Xewton's

law of cooling is sufficient. But all expressions for

the loss by radiation, unless purely arbitrary, are

based on Xewton's law of cooling, and the Regnault-

Pfaundler formula is no exception. The latter has the

advantage of including the cooling effect due to evap-

oration, the heating effect of the stirrer, and any other

constant source of heating or cooling, such as a cooling

eft'ect due to a slight leak of the bomb.

All cooling corrections are based on the assump-

tion that the temperature of the surroundings re-

mains constant during the experiment. This funda-

mental condition is satisfied by surrounding the calori-

metric vessel with a double copper jacket containing

at least 20 liters of water. It is not satisfied by using

a wooden jacket, felt, or similar badly conducting

substances. The object to aim at is not so much to

prevent heat losses, but to ensure that these losses

shall take place in a definite manner.

It seems worth while to show upon what assump-

tion the Regnault-Pfaundler expression is based, so

that if a rougher approximation is deemed sufficient

it may be derived rm a rational instead of on a ]nirely

empirical basis.

Let the loss of temperature in time dt ije -}-d0.

Loss due to evaporation per minute = w.

Loss due to heat developed by stirrer per minute

According to Xewton's law, the velocity of cooling

due to radiation is proportional to the difference of

temperature between the cooling liody (®) and its

surrounding (T) or

d©
= k(« — T).

dt

k is the "cooling constant" of the calorimeter and is

evidently the rate of cooling for a i" difference be-

tween and T.

(I.) Hence d® = (w — s) dt-l-k (©— T) dt.

The experimentally determined figtires are

:

v ^ velocity of cooling at (or near) 0„, the initial

temperature; v' ^ velocity of cooling at (or near)

©n, the final temperature.

It should be noted that ©„ is not the highest ob-

served temperature, but may be any temperature after

the steady rate of cooling has set in. If v' is deter-

mined starting from the maximum temperature, it will

be too low, as heat is coming out of the bomb after

the maximum temperature has been attained.

From (L) v = (w— s) + k (©„ — T)

v'= (w— s) +k(©3— T)

v— v'^k(©o— ©„) or k =
©„ — ©o

Also since v = {w — sj + ^ (.©o— T)

w — s = vk(©„— T).

(II.) Henced© = vdt— k (©— T) dt

+

k(® — Tjdt

= vdt + k ( ©— ©0 ) dt.

Hence the total correction over the principal period

of t intervals of time is

:

©a
V d© = vt -f- k ( area BCFD )

.

©o

Ji it be noted at \ and v' are not determined strict-

ly ;.t ©„ and ©„. but at the closely adjacent tempera-

tures © ( mean temperature of the fore period ) , and

©' (mean temperature of the after period), the final

expression is

:

©„ (V— V)

^111.) 5 d© = vtH (area BCFD),

©a (©'— ©)

and this is equivalent to the Regnault-Pfaundler for-

mula, where t is the number of time intervals (minutes

or half minutes) in the principal period, v and v'

being the temperature losses in the same time inter-

val. Any cooling correction must be of this form,

and the accuracy attained will depend on the degree of

approximation with which the area BCFD is meas-

30
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to zero temperature, hence t® has to be subtractctl, grams of water) , the possible error is 3 jjcr cent, with

giving the usual Regnault-I'faundlcr cxiircssion, a larger calorimeter of water equivalent 2,500, i.() per

Correction := cent, and with W. E. 10,000, 0.4 per cent.

I ,. _j_ ,., In the latter case the rise of temperature is so small

J
I

. I V
(,) {(k)

)

that an electrical thermometer^ must be used. .\s re-

f^f ^.) ,
gards the second method of determining the water

.,.,,, . , equivalent, a comparison of the figures obtained for
the terms witlnn the bracket represeulnig the appn>\i- ,

,
.... °

. , ,>,-r-T^ the heats ot combustion ot pure substances shows dit-
mate integration ot the area BCrD. . ^

, . . ,
,

... terences of o.^ to 0.7 per cent.
A more accurate result is given by the application

of Siinposon's or Durand's rules. h~rom the follow- '"--^'s '"' combustion (of 1 grm.) .sccordinc to hkferent

ing example it is clear that the trapezoidal rule, w itli

. I 1 1 r .1 Benzoic Cane
one minute intervals, is good to less tliaii 0.001 . .

, x- , , ,

acid. Naphthaleiio. sugar.

(^ [ ) i'lainmeter 0.0258" Bertlidot ai.d Kccuura liUr, 9688

(-7 1 Tliir-ind nn)c~ Bertlielot and Longiniuf 03'2-2 9C96^-, 0.0-5^
Berthelot and Vielle 9718 3962

Correction corre.spond- (i nun. intervals.) Stohmann 6322 9628 3955-

ing to area BCI'D. (3J Trapezoidal 0.025^ i-'"'''!'''''
"'"!

)'X''"!'' ^Jnn!^ ''of'
^''*'** '^^"^^

*' ^-^^ '
.

-"'
I-isclier and Wrcde (1908) 632H .. 3954

(t= s mniutes.) (I mm. intervals.) ,,., . .
, , , , . ,

,„ ... ,.
When It is remembered that each ot these hgures

4) trapezoidal 0.025^) ^ .
, ... . ,

, , . . ^ , represents the mean of a numljcr ot observations bv
( V2 nun. intervals.

)

1
•

1 1 1 -n 1 , ,
•

, ,highly skilled observers working under the most ad-
And hence there is no advantage in employing a more vanlageous conditions, it is clear that the determina-
exact method oi integration. If the stirrer is worked tion of the absolute healing value of a coal nearer
at fi.xed rate, and the temperature curves are similar. than 0.5 to i.o per cent is not to be expected.
various expressions for the mean ordinate can be ji,^ j,^;,.^, ^^^^j^^j ^^^ determining the water equiva-
tound lor any given instrument which will be nea,

,g„j j^ ,3^. ^j^^ addition of a known amount of energv
enough tor technical work. 1 bus it M, ,s the rise ot .measured electricallv. .V verv full account of the cali-
temperature in the hrst minute, for a particular calo-

jj^ation of a bomb calorimeter in electrical units using
nmeter, the cooling c.istant ot which averages

^ platinum thermometer is given bv W. laeger and
0.00283. tlTe rough correction ,s given l,v

1
^ + ckc), )t.

y^ ^.^„ Steinwehr\ and this cal, .rimeter ha,; been used
where ck _ 0.004. hv iMscher and Wrede for determining the heats of
From seven examples, taken at random, the iiiaxi- combustion of numerous substances.

mum difference between t( v + o.oo4(-),
)

for t= 3 -pj^^,^. determinations must be regarded as the best
minutes and the lull Regnault-Pfaundler correction

i,;^^^^^^, „,^j^_ ^^ ^,^^ probable errors are less than i

was + .004. and the average difference .002. It should
;„ _, ^^q -^j^^ ^.^,^,^5 f,,,. ^^,„^^

, ^^^_^ ^ ^^^ ^^,^^^;^
be noted that the term vt includes the cooling due to

.^^.j^j
, 5^_^_,. , g^^p^^^,. j,^ ,,^, j,,^, best "established.

evaporation.
, ,^, o: ^- .1 i . <- 1... , .

, , ,

Other errors affecting the heat of combustion are
By cooling the calorimeter water lielow the teniiiera- ,.

, r n , ,,- t , tt ,- •

. , ,. , ,
. . discussed verv fullv by \\ . Jaeger and H. von Stem-

ture ot the surroundings the total correction is re- , ^, ',. .
' ,„",.,

.
,

.
, ^-, ,

welir m the /eits. fur Phv.sik. Lhemie. S^ (ic)05),
duced and as a special case mav vanish. Here the 1 1 - , • ' ,,.„.,,,,,,', ... p. 153. and their conclusions mav be briefly cited here,
term vt is netrative. and tlie hnal correction is the ,,-i

"
. r '... ... T • , 1 bev regard an accuracv of i or 2 parts per 10,000 as

sum ot the negative and positive terms. It is clear ,, ',• . -^i
"

. , . .

, , ,
. , „ ^ . the limit Avith mercury thermometers, and show that

that whether the correction +0.0^0 or o.001" a given ,, , r ^, 1 1 . 1 1..,-., •,, the lag of the bomb need be taken into account onlv
error 111 the determination ot either ot these terms will 1 ^1 , • , • , , r

, . . , ,
when the water equivalent is determined from the

cause the same error m the result. -i- , -,-,,,, . ,

specihc heats. 1 he lag ot the tlierniumeter is shown
THE DETERMINATION OE THE u'ATEU EQUIVALENT. to introduce erroi's less than I part in 1,000. and this

This is usually determined in one of two ways, by the author can confirm as out of twelve thermometers

calculation from the specific heats of the constitu- the maximum error due to lag has been found to be

ents of the bomb, water vessel, stirrer and thermom- -f- 0.4 parts per 1,000. They also discuss the error

eter, or by burning a known weight of a definite sub- due to the variation of the water equivalent with tem-

stance whose heat of combustion is taken as known. perature, and conclude that there is a change in the

The method of calculation gives only a rough :\\i- heat capacity of the whole apparatus of I part in 1,000

proximation ; the material of the bomb may be bronze for each 4° change of temperature from 15^. Since

or nickel steel of unknown composition, the weight of the temperature in experiments made in unlieated

the enamel is unknown, and the specific heats taken rooms may vary between 6° and 25". this correction

as a basis of the calculation are usuallv the mean can b)- no means be neglected. The specific heat of

specific heats between 100° and about 15', and water itself is uncertain to 1 i)art in 1,000. as will

hence are too high. If the water equivalent of the be seen from the following table.

metal parts be taken as 350 to 400, and an uncertainty ""l^ ^^ ^^^^^^ ^^^^ ^ ^.„,, steinwehr. vem. neut. phy.sik.

of 20 be possible, with a Hempel calorimeter
(
i.ooo ^t^nn.^ d"' Physik., 21 (isoe). p. 23.
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si'ixiFic HE.\T OF WATER. briqucttes. The author liaa found that the combus-

n ,j j^j and^"^
'•**-"^ '* ^'^^ occasionally incomplete for another reason.

T. Rowland. Griffiths. Stracciati. Liidin. Barnes. The ash from certain coals is fusible, and if the

21 — 1 A,vJ.'-
— }'^AQ?

10061 amount of ash is high, the fused ash is liable to con-

10° . ..1.001!» 1.0010 1.0010 1.0018 tain unburnt carbon. The maximum error due to this
15° ....1.0000 1.0000 1.0000 1.0000 1.0000 cause which has been observed corresponded to J ner
20° ....0.9988 0.9985 0.9993 0.9994 0.9987

cause w men nas oeen ODservea corresponaea to 3 per

2.5° 0.9971 0.9971 0.9998 0.9996 0.9978 cent of the calorilic value. The carbon was estimated

35° 09994 ^''^'^^'' ^'^^^^ 0'9971 ^y powdering the ash and burning in a closed tube

Hence in the definition of the thermal unit not only with lead chromate. As the removal of the fused ash

must the degree be on the hydrogen scale, but the from the platinum capsule was a matter of some dififi-

temperature of the water must also be defined. culty, a little powdered quartz was placed in the cap-

The details of construction of the bomb do not sule. This was found, quite unexpectedly, to reduce

much affect the accuracy of the results obtained by its the amount of unburnt carbon, possibly by reducing

use, provided it is of sitfficient capacity. Bombs by tlie average size of the fused globules. In nonfusible

-some makers have the bottom of the bomb too near ashes no unburnt carbon has been detected,

the base of the calorimeter vessel ; this results in a Sampling.—1 he problem of taking small samples

pocket of water which remains out of reach of the accurately representing large bulks of solid material,

stirrer, and consequently gets warmer than the rest, lias been fairly solved by metallurgists, but the neces-

thus making the results low. The same defect is sity of applying similar methods to coal has not always

-sometimes caused by an unsuitable framework to su])- been appreciated by the engineer. Bulletin Xo. 323

port the bomb in the calorimetric vessel. The stirring of the U. S. Geological Surve}- gives a description of

arrangements arc defective in others. It is tacitly as- their method of sampling a carload of coal. From 3

sumed in calculating the correction for cooling that per cent to 4 jier cent of the carload was taken as a

the external surface of the water vessel has the tern- sample, the whole crushed to '-4 in. size, and worked

])erature indicated by the thermometer, and this is down mechanically. Two independent samples gave

not the case unless the stirrer is efficient. The stirrer moistures agreeing within 0.4 per cent and ash witliin

should be driven by a small motor, as this secures 0.3 per cent. Hand sampling usually has to be re-

1)1 >th efficiency and regularity. As illustrating the sorted to. and the results are not quite so good. I-'or

effect of efficient stirring and a high water et|i!ivalent, air-dried coals low in ash. the error of sampling

the author has found that with a Henipel calorimeter should be under 0.5 per cent. Coals with high ash (7

used as supplied the average error of a determina- to 12 per cent) may be I per cent out, and wet small

tion. using naphthalene, was 0.5 per cent ; with the coal, if not air-dried on a fairly large scale before

same boml) and thermometer, but using a larger water taking the final sample, may differ by 2 per cent or

vessel, with mechanical stirring, a large copper water more on consecutive samples. -\ sampling error of

jacket, and also raising the Iximb an inch above the 0.3 per cent to i.o per cent may be looked upon as a

base of the water vessel, the average error of a de- fair average. This accuracy can only be obtained

termination was reduced to about 0.2 per cent. The when the sampling is done systematicall\- under

Kroeker form, with two valves and fitted with a wash skilled supervision. Even oil fuel has its own sam-

bottle arrangement of platinum tubes, is very con- piing difficulties, owing to the frequent iiresence of

venient, as it permits of an accurate estimation of water, an emulsion being formed which is very diffi-

the carbon in the fuel at the conclusion of the ex- cult to separate.

periment : the estimation of hydrogen in the same The conclusions arrived at may be summarized as

instrument is not so good. The question of the lining. follows:

])latinum or enamel, is of importance only as regards (i) The limit of accuracy in the comparison of

the life of the bomb: it is without effect on the accu- the heating values of fuels is from o.i per cent to 0.3

racy of the results. In either case it is better to avoid ]>vr cent, and this can only be reached after a most

the use of iron wire for the ignition, as the particles careful study of the thermometer and calorimeter

of fused iron oxide rapidly perforate the lining. Fine and the application of numerous corrections,

platinum wire (.002 in.) with or without cotton thread (2) If the small corrections are neglected the er-

or collodion wool, is effective. If too large a wire is rors may amount to from i per cent to 2 per cent,

used the amount of heat developed by its fusion ceases (^3) The heats of combustion of the standard sub-

to be ne,gligible. stances used for the determination of the water

.So far. the combustion of pure substance only has equivalent are not certain within 0.5 per cent,

been dealt with. With coal or oil there are some addi- (4) The errors due to hand samplitig cannot be

tional points to be considered. For a representative reduced with certainty below 0.5 per cent, and may
sample the coal should be as finely divided as pes- easily amount to 1.5 per cent to 2.0 per cent,

sible, and with very finely divided coal the combustion Hence, so far as coal is concerned, it is at present

would appear to be incomplete. more important to devise means for reducing the

This difficulty is got rid of by adopting the sug- errors of sampling than to increase the accuracy of the

gestion of Hempel and compressing the coal into small calorimetric determination.
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THE RELIABILITY OF ELECTRIC FUR-
NACES FOR CHEMICAL WORK.-

By FRED T. SNYDER.

A few days ago a man who had been Ea.st attending

the meetings of an association of engineers repre-

senting an industry that uses a large amount of high-

^rade steel, in various forms, was asked about the

electric furnace paper on the program. He character-

ized it as "the usual optimistic hopes by the agent of

an electric furnace inventor." \\'hile without the fur-

nace inventor, and without the optimistic hopes that

held them for ten years to the expenditure of time

and energy and money that was all outgo and results

deferred, there would be no commercial electric fur-

nace work today to consider, it now seems as though

the time had come to point out to those who are less

closely in touch with developments than ourselves that

the electric furnace has grown beyond a question of

this inventor or that inventor, has grown beyond a

([uestion of hopes to one of commercial use, and is

now a matter of engineering and finance ; today the

electric furnace has achieved reliability.

I'.ut before the time goes by when particular ar-

rangements of electric furnaces are called after their

inventors, as such time has gone by for the open-

hearth furnace and for the crucible furnace, it would

seem proper that we should call by the name of its

inventor that simplest of all electric steel furnaces.

in which a singe electrode above leads the current

through an arc to the steel, and a metallic contact with

the steel bath below leads the current back to the

dynamo. Back in 1880, so far back that the paper

describing it was read before the "Society of Tele-

graph Engineers," as then the only representatives of

electrical engineering, William Siemens built and oper-

ated his furnace, in which the heat of the electric arc

was used to melt steel. This little furnace was a prac-

tical furnace. It made good steel. A duplicate of

it, copied from the old drawings, will today work with-

out difficulty, making its little batch of steel. It is

especially notable that it is to this same William Sie-

mens that the steel industry also owes its open-hearth

furnace, second only in importance to the blast furnace

itself. As the Siemens electric steel furnace was the

first practical electric steel furnace, so now it bids fair

to be also the furnace to be used in the greatest nuin-

bers. It is characteristic of the electric furnace that

it is reliable in small units, and it is in this direction

•Paper read at the meeting of the Chicago Section of the
American Electrochemical Society. Jan. 20, T.911.

that the future is tending, towards the making of some

steel castings by many of the grey-iron foundries, and

the making of their own steel castings by many of

the larger users. In these small installations, the sim-

plicity and reliability of the Siemens electric steel

furnace will be important. With proper engineering,

this single-electrode type of steel furnace can be built

reliably up to 500 kilowatts, a production of 250 tons

of steel per month with continuous operation. In

point of numbers, many more than a majority of

commercial installations will be below this tonnage.

.\ worthy use of this opportunity will be to emphasize

the good to electrocheinistr)- that has lived beyond

the life of this man, by calling this type of electric fur-

nace the Siemens furnace.

Broadly, reliability is commercial, the ability to make

a profitable return on an investment. That the elec-

tric steel furnace is reliable in this way is emphasized

bv the growth of those plants in Europe that are

making electric steel exclusively. And beyond steel

making, the electric furnace has been commercially

reliable so long in the aluminum industry that the

general patents have run out. The commercial relia-

bility of the electric furnace in the mainifacture of

carbide has for years been in evidence with each user

of acetylene light. Less widely known, but commer-

cially profitable, has been the electric furnace manu-

facture of carbon-bisulphide, of phosphorus, of graph-

ite, of abrasives, of magnesium for flashlights, of

ferro-alloys for steel refining, and in the last few years

we have seen the reliability of electric furnace opera-

tions pledged in the investments of the millions of

dollars that are going into the construction of huge

electric furnace plants for the production of fertilizers.

And it is the commercial reliability of these older elec-

tric furnace applications that is back of the reliability

of the newer application of the electric furnace to

steel. In them was developed the demand for elec-

trodes which justified the building of electrode fac-

tories that now are available for steel furnaces. In

them was developed the special engineering ability to

handle the large electric currents of furnace work.

They had their part in the demand for electric current

at lower and lower cost. It is these things that have

given the Siemens electric steel furnace of thirty years

ago—a technical curiosity then—its standing today as

a reliable industrial tool.

Technically, reliability is a matter of apparatus and

men and supplies. These react on one another. Ex-

perienced and skilled men can force poor supplies and

indifferent apparatus to yield a commercial output.
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Apparatus that is inherently self-regulating will per-

mit the use of such men as can be had at a permissible

cost. Supplies that have a factor of safety in their

constitution will carry the equipment through an over-

load. Involved in the question of commercial relia-

bility is the element of time. Results must be prompt.

To make electric steel" in the United States means fur-

naces that are reliable, with American men and Ameri-

can supplies. In the rush of industry, reliability can-

not altord the time hazard of importation. Europe

developed the electric steel furnace industry first, just

as it developed the dynamo first, the steam turbine

first, the large gas engine first, steel making first.

There the pressure of competition for opportunity, the

abundance of trained technical men, and the low cost

of capital, force enterprise. Safely we may look in

America, with the electric steel furnace, for the same

swift overtaking of achievement that has characterized

those other technical developments. For this, reliable

.American electric furnace supplies are now available

and tested. American electrodes can be had in sizes

as large as furnace requirements call for. Refractories

made in this country have been developed with an

ability to stand up well under the higher temperature

of the electric steel furnace. Campaigns with roofs

of .\merican brick have been run into months, as

against weeks for European practice. Skilled electric

furnace men are scarce. The rapid installation ol

furnaces more than absorb the few who have had an

opportimity to become experienced with electric fur-

naces W'orking in commercial operation. Trials with

electric furnace men imported have not been wholly

satisfactory. The drive of the American steel plant

does not seem to fit with the methodical nature of the

foreign technician. This shortage of skilled furnace

men at permissible costs has thrown more of the

burden on the apparatus, has directed American elec-

tric steel furnace design toward inherent self-regula-

tion, as we say electrically : toward reliability, as the

investor looks at it: toward making it "fool proof,"

as the man on the job phrases it. Furnace detail that

works ver\- well in Europe, with the skilled help avail-

able there, has to be designed here to work with the

help that can be had. The inherent reliability can now
be carried to an extent that permits taking a steel

melter from a crucible or open-hearth furnace and

I)utting him on an electric steel furnace with the as-

surance that within a week he can be making salable

steel regularly. This does not mean making an elec-

trician of him. -Actually he knows no more of elec-

tricity than he knows of the kinetic theory of gases

in the open-hearth work, but he does know that when
the watt-meter needle is in a certain position he has

3 >--i'Dply of heat in his furnace, and high temperature

heat at that, and heat that, hot as it may be, will not

burn his steel.

Hut a reliable furnace and reliable supplies and re-

liable melters are not all that are concerned in the

commercial reliability of electric steel. The steel pro-

duced is different from crucible steel. It is different

from upen-hearth steel. If it were not different, the

electric furnace would not be used. It is true that

under favorable conditions steel can be made cheaper

with an electric furnace than in other ways, but the

fundamental reason that is speeding electric furnace

construction is that the steel is better. Being better

means differing chemically, differing physically from

the steels of the other furnaces, and this diff'erence

chemically and physically must be reckoned with in

the subsequent processes the steel goes through. In

the foundry the moulding must be done for this new

material. It is freer from gases. It usually is hotter.

The tendenc\ i;. to lower the carbon for the same

tensile strength, and this makes it set at a higher tem-

perature. The improved elimination of phosphorus

and sulphur tend in the same direction. In the forge

and rolls, electric steel shows its additional strength

and toughness. It must be handled from the point of

view of its characteristics. It is a mistake to simply

consider the electric steel furnace as a substitute for

some other kind of a melting furnace. Its introduction

can be counted on to mean changes of method as far

as the steel is followed in manufacturing processes,

and unless this is clearly recognized there will be-

disappointment, and the reputation of the electric fur-

nace for reliability will suffer.

From a still narrower technical point of view, re-

liability means freedom from actual breakdown, froin

the enforced necessity of change in construction and

the consecjuent loss of time and productive capacity.

As to this, electric furnace design is now on an engi-

neering basis. Dependence on experiment is now a

matter of volition on the part part of the investor. It

is no longer a necessity. As a piece of engineering

apparatus, an electric furnace can now be more closely

designed to meet narrow specified operating conditions

than can an open-hearth furnace. In a recent instance,

an electric furnace and a small open-hearth were in-

stalled side by side in a new steel casting shop. The
open-hearth gave trouble, and has been replaced by

a better design. The electric furnace, al-

though not of most modern design. has

operated without need of alteration. Those
details in which an electric furnace dift'ers from

established open-hearth practice, the electrode holders,

the electrical regulation, the contact with the bath of

steel, are now rugged and simple. Electrode holders

are in evidence that operate with less than one hour's-

lost time in loo heats. Recently I have had occasion

to examine carefully in detail the condition of a plant

using electric furnaces exclusively, that started opera-

tion on a commercial scale in the summer of 1907,

which is quite aged as electric furnace design goes.

It is proposed to double the size of the imit and in-

crease the size of this plant fivefold, and this examina-

tion was made to determine from the condition of

the plant and the operating history what changes in

the original design could be made to advantage in the

extensions. Incidentally, the examination disclosed a

condition of continuing reliabilitv that is worth record-
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ing. Substantially all of the original equipment was

still in use. The plant, which is in the West, has

been operated since its installation by Chinese labor

under a white superintendent, and neither the super-

intendent nor the Chinamen knew more of electricity

than is involvd in tlie opening and closing of circuit

breakers and the reading of ammeters and voltmeters.

C^-ne of the power transformers had been replaced, but

it was learned after its removal that the trouble was an

abraded spot on the terminal that could have been

readily repaired on a Sunday at the plant. This par-

ticular plant, while not a steel plant, is of interest in

showing on many of its operating records a heat de-

velopment efficiency of over 90 per cent. That is, of

the heat equivalent of the energy delivered to the plant

by the high potential electric wires, over 90 per cent

is transferred to the material under treatment.

It is to be expected that the success of this new and

flexible tool of industry will lead to over enthusiasm

and its application in wrong ways and in wrong places.

and that its failure as a panacea for troubles it has

properly nothing to do with will bring setbacks. But

back of its present success is the cause of that success,

the steadily lowering cost of electric current. Thirty

years ago the furnace of Siemens worked as an appa-

ratus. It was not until the cost of current dropped

below the figure at which the electric furnace was

commercially reliable in this country that its industrial

application began and its enginering developed. This

•dropping of the cost of electricity is still going on,

and as it goes on it brings a greater and greater motive

force to bear on the installation of electric furnaces.

At the same time, unfortunately for industry in gen-

eral, but fortunately for the electric furnace, the cost

of fuel for direct and gaseous heat is slowly but stead-

ily rising.

Summed up more briefly, the facts that an investi-

gator of electric furnace results may expect to find

are;

1. That the electric furnace itself has passed from

the field of experiment to that of engineering, but

that the fields of manufacture using the electric fur-

nace products are still experimental.

2. That the electric furnace is technically reliable

and will operate continuously with the men and sup-

plies that are available in this country. That the de-

tails are simple and rugged, and that the inherent

regulating powers can be made such as to bring it

well within the ability of usual plant labor.

3. That the electric furnace is commercially re-

liable. That when installed with the same business

care and adaptation to conditions that should be used

with other furnaces, it will earn a profit on the in-

vestment, and a profit that is larger than the normal

manufacturing profit in proportion as the field is newer
and more open.

A PROBLEM IN SAVING HEAT IN THE
MANUFACTURE OF CARBON DIOXIDE.*

By STERLING H. BUNNELL.

The production of tin and terne plates in the United

States in the calendar year 1009, amounted to 1.371.-

'ooo.ooo lbs.

.\ very large business is done in the manufacture of

carbonic gas for use by bottlers and others. This gas,

pure carbon dioxide, is obtained from the combustion
of coke, washed to take out sulphur and other im-

purities, separated from the other flue gases, dried,

compressed to the liquefying pressure and bottled up
in steel drums of cylinders for sale. The problems

which must be solved in connection with making an

economical plant for the manufacture of liquid car-

bonic gas entail almost every form of steam plant en-

gineering.

'The first operation in manufacturing is to burn the

foundry coke under a steam boiler. A deep fire is

carried and a forced draft used, so that the flue gases

may have the highest possible proportion of carbon

dioxide. With a properly designed furnace and good
firing the proportion of carbon dioxide will run above

14 per cent and may at times reach above 16 per cent.

The flue gases leaving the boiler setting are at a high

temperature; this heat must all be disposed of before

the gas is in condition for absorption. Here is the

first point at which waste heat is to be saved. Ac-
cordingly, the flue gases are passed through an econo-

mizer, the duty of which will be explained later. The
gases leave the economizer at a temperature below

the boiling point of water.

The gases next pass through two scrubber^ in suc-

cession, in which they are washed by showers of water

to get rid of the cinders and whatever sulphur may
be present. In this operation they are cooled to the

temperature of the water supplied and this portion of

the heat is necessarily wasted. The gases next pass

through an absorber, in which they are brought in con-

tact with lye solution. This solution has the property

of absorbing carbon dioxide, so that the flue gases

emerge from the absorber with a content of carbon

dioxide of 10 per cent.

The lye solution from the absorbing tower is al-

lowed to flow into a tank. This part of the solution

is called the "strong" lye, because of its containing

a considerable quantity of carbon dioxide. The next

step is to pump the strong lye into a lye boiler, where
it is heated above the boiling point, a portion of the

water is evaporated, and a large part of the absorbed

carbon dioxide driven off by the heat. Here again is

a point at which heat must be applied continuously

to a solution, and as the temperature required is little

if any higher than 212 degrees, exhaust steam from
the power portion of the plant is used for the purpose

of supplying heat. The lye solution returns from
the lye boiler to a second tank and as its contents of

carbon dioxide have been much reduced this solution

is now known as the "weak" lye. In order to permit the

weak lye to be again used for absorbing a fresh supply

*Metallui-gicaI and Chemical Engineer.
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of carbon dioxide it must be cooled from its boiling

temperature to perhaps 120'.

Observing that the weak lye from the absorber is

cooled and must be heated, and the strong lye from

the lye boiler is hot and must be cooled, the natural

suggestion is to exchange the heat between the two

been driven off the hot strong hye in the lye boiler

and successively passed through coolers and dryers.

Another portion of the steam is required for operating

the pumps necessary for circulating the lye and for

pumping cooling water about the plant. The exhaust

steam from compressor and puihping engine still car-

solutions through a countercurrent cooler. This is of ries the latent heat which it received in the steam,

the double-pipe type, the hot weak lye from the l\e l«'iler. This large supply of heat is devoted to heating

boiler flowing through the inner pipes and the cold the lye in the lye boiler, evaporating a portion of the

strong lye from the strong lye tank (lowing through the "ater and driving off the gas.

outer pipes in the opposite direction. In this way an The skill required in designing and operating the en-

exchange of heat takes place which returns the weak tire plant is obviously devoted to arranging the closest

lye at a temperature nearly as low as the temperature possible balance between the heat transfers in all parts.

of the strong lye on its way from the tank, and deliv- of the plant. The capacity of the plant—that is. the

ers the strong lye at a temperature nearly as high as amount of carbonic gas that can be put into cylinders

that of the weak lye coming from the boiler. for sale—depend first upon the amount which can

The strong lye leaves the countercurrent cooler at be driven off the lye in the lye boiler; a step further

a temperature which is still considerably below the back, upon the proportion of the gas which can be

Cooling

Wotep>

t^oin Sfeorrj

C/iinder
ofGas
for Sc/e

Coroonc Cos

Diagram of Carbon Dioxide iVIanufacturing Plant.

boiling point, and here comes in the opportunity to recovered from the flue gases in the absorber; a step

use the waste heat of the flue gases from the steam back of this, upon the propcjrtion of the coke which

boiler by passing the strong lye through the econo-

mizer before mentioned. The strong lye leaves the

economizer at a temperature near to boiling, and in

passing the economizer abstracts a large part of the

waste heat in the flue gases.

All the waste heat in flue gases has now been ac-

counted for. Tlie bulk of the heat caused by the com-

can be burned into carbon dioxide rather than carbon

monoxide, and this again depends upon the efficiency

of the firing, the thickness of the bed of coke and

the regulation of the draft, .^o that no free air shall

pass through the fire. If the absorption of the gas

is efficient the amount of coke burned, and therefore

the grate surface, can be decreased. This will decrease

bustion of the coke has gone into the steam boiler the amount of steam made by the boiler, the available

and been devoted to the work of evaporation. This power of the jilant and the amoiuit of heat which
affords a good supply of steam available for doing can l)e recovered from the exhaust steam. Evidently,

the work of the plant. Most of the work required is with a very efficient absorption it might be possible to

for the compressors, which take the gas after it has produce enough to operate the plant, and in Ihnt r---



Ajiril, I'M I. THE CHEMICAL ENGINEER 157

every possible saving in >K'ani consnniption by engines

and all waste by radiation by stcani i)ipes shouKl be

cut tlown as far as jxissible.

The operation oi a complete modern plant for mann-

factiiring carbonic gas would be a i)rotitable study for

any steam engineer interested in getting the most out

of liis steam plant. It is safe to say that very few

steam plants of sizes in the neighborhood of kxi hj).

are constructed with any such degree of eti'ort to

reduce the usual losses to the minimum as is observed

in the design and operation of the modern carbonic

acid gas plant liere described.

THE HILGER REVOLVING GRATE GAS
PRODUCER.

The following description of the new Hilger gas

producer is taken from a recent issue of The Iron Age.

The new Hilger ])roducer differs from the existing

types of revohing grate producers in several particu-

lars. The lining is of fire brick throughout, no water

Fig. 1—The Hilger-Gas Producer—Dimensions in Milli-

meters.

cooled casing being used. This has been found to be

entirely satisfactory except for certain coals, which

carry a high percentage of alkalies. In these cases, a

neutral or basic brick lining must be used in the tire

zone.

The producer and the grate are shown in Figs, i

and _'. The grate is seen to consist of an imder part

and a cap. Both parts form a star, from which the

blast of steam and air can be evenly distributed over

the whole cross section of the producer. The star

shape is most marked in the cap, which fits into the

ashes and bv its movement alTects the whole colinnn

of fuel. The grate is of very simple construction and

is relatively low, so that the producer can be built

from 2J/2 to 3 ft. shorter than revolving grate pro-

ducers of other types. The drive of the grate and ash

pit is another particular feature. The power re(iuire-

ments for one producer ^-ary from y\ to I'o h]).. ac-

cording to the size.

The drive, Fig. 3, consists of a forward and back-

ward motion, the elifect of both being to give a grad-

ual revolution to the right. It is described in some

detail in the paper, and as may be seen in the illustra-

tion consists of a worm rack and a wurni. which is

Fig. 2—The Revolving Grate.

driven b_\- a ratchet wheel and a double pawl. .Move-

ment is given to the pawl by the eccentric rod shown
on the right of the illustration. The action of the

pawl is varied, according to the ash of the fuel. If

too much ash is expelled the drive is so adjusted that

the backward and forward motions are equal, and the

resultant effect is nothing.

The ashes are removed b}' another patented device.

.-\ freely swinging shovel is hung in the ash pit, so

that on the backward movement it swings freelv over

the ashes. ( )n the forward movement, however, it

locks. In this wa_\' no resistance is offered to the

backward and forward movement.

The gas furnished by the producer is of uniformlv

Fig. 3—The Drive of the Grate.

high value, as is shown Ijy the following results,

w hich are averages, and not special analyses

:

(;.\S .\NA1.VSIS
9

CO..

.

1. 2. :',. 4.

8.20 to 3.60 :!.40to 4.00 3.00 to 4.00 3.20 to 3.50

0.15 to 0.44 0.20 to 0.40 00 to 0..-)0 0.10 to 20.2ft
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CO .... 29.0U to 31.84 -Jo.^U to 27.1U 28.4U to 31.3U -iT.Su to 28.30 AN ELECTROLYTIC FURNACE METHOD
H T.bOto 9.0U 7.90 to 9.80 1U.70 to 12.70 9.50 to 10.40 FOR PRODUCING METALS.*
CH* .... 2.31 to 3.32 3.20 to 3.80 2.10 to 3.30 52.50 to 52.80

N 53.57 to 50.77 57.10 to 58.00 50.10 to 52.00 54.10 to 56.70

No I in the above table shows the results of fottr By JOHN WOODS BECKMAN.

analyses of gas from an Upper Silesian coal with ttp
^_^ electrolyte is generally understood to be a liquid

to ^o per cent of dust. Xo. 2 shows the results ot six . j ^ i ^ v i ..u i * ^•
''

^^ which will conduct electricity, and the substances dis-
analvses of gas from average I-rench coal, the charge

. . ,. •
i i j- ^ j • » . n ^' ° °

. X- solved in this liquid are dissociated into two so-called
being w per cent lump and ;o per cent dust. Xo. 3 . ^, .

\ 1
• •

.^i a \ u^ J '^ < -^ ^ . .
,

'
ions. This was Arrehnius theor\-, and has been ap-

gives the results of eight analyses ot gas trom brown .

. ^- '
t v i- *! „i,s ° -^

, , . plied ever since to water solutions. 1 believe though
coal briquettes. The gas also showed trom o.io to

,^ ^ .....
,

that U. Lehman and Lorenz and hu co-workers are to
0.40 per cent ot hydrocarbons, in addition to the me-

, ,v j -^i 1 •
i .1 . .1 r^ '

•'

r , ,
, be credited with having shown that the laws govern-

thane. No. 4 shows the results of eight analyses of .

1 * 1 ^ 1 .^ 11 i-^
. , ,,,",,• ,

ing the water solution electrolyte are equally applic-
gas trom a 3 to i mixture of a good Westphalian coal ,7 . .1 u 1 ^ 1 » a , if ^'^

, . ^, . , ,_ ,_ able to the molten electrolyte, and to substances dis-
and brown coal briquettes. This producer may be ob-

, , ,

, . , . , • , -1 i_ 1 1; r solved in the same.
tained in three sizes, and is built by the nrm ot

1 ., r-. Tj i- The above mentioned investisators have found and
i oetter, Duesseldort. ''

proved beyond a doubt that the substances dissolved

It IS estimated that there are now a million Para '" t'^e mohen electrolyte are ionised and that the Ar-

rubber trees in various stages of growth in Cochin- '"ehnius dissociation theory applies thereto; also that

China three-fourths of which were planted before *e laws governing the dissociation, the movement of

igio. .Many companies are now embarking in rub- ^^e ions, and the speed of their movements, can be

ber growing, but it will be eight years or so before determined the same in molten as in water electro-

the Cochin-China output will make a good show. 'ytes- Lorenz in his classic "Die Electrolyse Cesch-

^__^ molzener Salze" has added through his painstaking

The world's production of artificial silk 111 1904
work enormously to the knowledge of the fused elec-

was 1.400,000 kilos : in 1905 it was 2,000,000 kilos ; in ""olyte, the electrolyte of the future.

1906. 2,400,000 kilos; in 1907. 3,000,000 kilos; in Up to the present time the industry which is mak-

1908, 4,000,000 kilos ; and in 1909, 5,500,000 kilos. Of ing use of the molten electrolyte to the largest extent

the total 1909 production it is estimated that the gun- is the aluminum industry. The ionic theory has long

cotton and cupro-ammonium processes were each re- been applied to the reduction of aluminum from its

sponsible for more than 2,000,000 kilos, while over oxide, in the present well-known manner. Lorenz in

1,000,000 kilos were made by the viscose method. It the above-mentioned work publishes a very careful

would appear, therefore, that the guncotton system is study made of the electrolytic deposition of aluminum

finding the competition of the two newer methods for- from a molten electrolyte, and convincingly proves

midable, for in 1908 the total output of the cupro- that it is an ionic reaction. His idea is confirmed by

ammonium process was under 1,500,000 kilos, and all who have studied the reaction and phenomena con-

that of the viscose process only 500,000 kilos, the gun- nected with the manufacture of aluminum, these phe-

cotton process being credited with an output of nomena are identical with those met with in plating

2,000,000 kilos. copper from a copper-sulphate solution.

I once had occasion to do a considerable amount of

Newfoundland has extensive peat areas spread all work in connection with the manufacture of alumi-

over the country, and a resolution has been intro- num, and then appreciated the simpleness of the pro-

duced in the house of assembly in regard to its manu- cedure. It should be possible to produce all metals

facture in the colony. The International Carboniz- in a similar manner from their oxides ; but what elec-

ing Co. (Ltd.), of London. England, seeks to obtain trolyte is to be used?

crown lands for the erection of- factories to manu- jn the aluminum industry cryolite is used as a bath
facture this product into briquets or blocks which material; a mineral mined at considerable expense,
will do the same work as coal at a much cheaper rate, and together with that of the other ingredients used in

Not only is the peat to be manufactured into fuel. the electrolyte, its cost is considerable. The fusing
but into other articles, such as oakum, mats and mat- point of this electrolyte is low. and it is on this account
ting, yarn and ropes, and a fine substitute for leather suitable for producing metals of low melting points,
can be made from it, also material for paper making. j^g ^ general law' it can be considered that the
Each factory is to cost at least $125,000 and have an electrolyte fused or aqueous, from which a metal is

output capacity of 20,000 tons or more annually. The to be produced should be a solution containing in some
company agrees to pay the government a royalty of f^^m the desired metal. Cryolite, containing mainly
10 cts. per dry ton of peat coal briquets manufactured, the metals sodium and aluminum, is on this account
and a further royalty of 10 cts. per ton for other prod-

ucts which they may manufacture. The company will ^^Itf^^^.l^^Z'toll^' \l%^.T^^rl'''S^ V^x ^T"'^-
have the use of water powers and will be exempt from T^.^^^^,^^^ '^^\^^^, irT\1^.7'^^.\,^f{l 1% lwe"1^
taxes and duty on their machinery. f,'"*'^

'"""'' details which, in the present experimental stage of
the progress, would not now be advisable to offer.
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not :>uilabli; as an clcctrulNte fur ilie |>iiiduL'liun <ii any by adding from time to time more oxide it can he car-

other metal than aluminum. ried on continuously.

When most salts are heated to then" meltnig pomt The actual intermolecular phenomena that do take

they dissociate, and this is especially the case with place when electrolysis goes on are hard to delnie,

the salts of metals not belonging to the alkaline or the there may be a continuous rearrangement of the salt

alkaline-earth metals. There are, however, exceptions structure, the iron oxide in the salt becomes detached,,

among the heavy metal salts such as fuse but do not and another molecule of iron oxide takes its place,

dissociate, and among these are the Huorides. Gin in while the former is ionised, and gives off its electrical

his excellent monograph published in late issues of charges depositing iron and oxygen,

the Transactions of this Society, has outlined methods This method of producing metals is protected b\

using the double fluorides of various rare metals, and jjatents in U. S. A. (U. S. Patent Xo. 973,336) and
using these as fused electrolytes out of which to pro- in other countries.

duce the desired metals, iiut these fluorides have to The practical features of this method are : b'irst.

be produced artihcially, and although the process cost of electrolyte practically negligible, as it is com-
seenis perfectly feasible, the cost seems to be prohib- ix>sed of calcium oxide and the metal oxide of the

itive to using these electrolytes commercially. desired metal ; second, a great quantity of metal can

A comparatively little known group of salts, are be produced out of the same electrolyte ; third, in case

those occasionally occurring in nature, composed of the electrolyte becomes fouled, the loss in discarding-

equivalent amounts of calcium oxide and the oxide of the electrolyte is practically negligible; fourth, the

any metal less positive than calcium. These salts flexibility of the process, making it possible to pmduce
occur occasionally in nature comparatively pure, as is a great number of metals and their alloys such as iron.

the case with Scheelite, and can very readily be pro- manganese, chromium, zinc, tin, titanium, vanadium,
duced by heating the oxides together in any suitalilc tungsten, tantalum, molybdenum, nickel, cobalt, lead

manner. and a number of others more or less rare.

It is evident that there is a great number of these In the following I am giving a list of amount of

salts possible, and the characteristic feature of them metal deposited per ampere-hour, considering only

is, that they all fuse at about and over 1000" C, the ideal conditions, and it is worth noticing, that alumi-

temperature varying according to the metal oxide num has the minimum amount of metal deposited i)er

which calcium-oxide is combined with. The boiling ampere-hour, anil is the only metal as yet that is pro-

point of these salts is very high; I have heated some duced commercially out of a fused electrolyte. Its use

to 2200° C, and the molten bath has been perfectly as a reducing agent for the production of many of

quiet, without any appreciable signs of the ingredients the rare metals is well known.
boiling off. The valuable feature of these salts, that Metal. Oxide. Gram per amp. liour.

I have availed myself of, is that when in a molten Aluniimim A1.0. O..S.3T7
-^ Lead PbO 3.868

condition they carry the current very readily, and are Chromium Cr^Os a65.">

very suitable as molten electrolytes for the produc- '/,"" ,'','^'5?"
I'i'ni'

. .
, ^ , -^ ,, , ,

Manganese MnO IM2i
tion of a great ntimber of metals. On a small scale 1 Nickel Ni^Oi (».732

have produced a number of metals using the corre- ^"'"^
'^'I*^

I'^^d

,. , , , ,,
'^

Titanium TiO. 0.44.5
spending salt as an electrolyte. Alanaganese, iron. Vanadium V-Os 0.64

chromium and a 50 per cent alloy of vanadium are the This process opens up a field which has heretofore

metals that I have produced so far. In the case of been very little studied, and offers I believe a ,'iolution

the alloy, it is interesting to note that it was produced to many bafiliiig electro-metallurgical problems.

as well out of the sulphide as out of the oxide. Crude ^

ore was used, giving not a pure metal, but one contain- A U. S. consular agent at .Vlmeria, .Spain, report.^

ing some impurities such as silicon, unobjectional as that a new ore, known as a double sulphate of alumi-

far as the steel trade goes. num and potash (sulfato doble alumico-potasico ) and

The following gives in brief the procedure in manu- called after its discoverer. Senor Calafat, was brought

facturing a metal by means of a fused electrolyte com- into notice six or eight months ago. The district in

posed in the manner mentioned above. Take for ex- which it was discovered is only about two hours' drive-

ample iron. Equivalent amounts of Fe.O. and I'aO from Almeria. No work has as yet been carried out

are mixed together and heated in any suitable man- to show the real nature of the deposits, but the owner

ner. The salt CaO.Fe,0.,. is formed and fused in a is said to have estimated the quantity at 60.000,000-

receptacle fitted for electrolytic purposes. Oxide of tons. The lode has a run of some three miles. Senor

iron is introduced into this fused bath, and this molten Calafat is said to be erecting works near Madrid to

solution is electrolysed, iron being deposited on the put the mineral to a practical test and several carload.s

cathode and a lively f)xygen developn-ient taking i)lace have been shipped for treatment in the furnaces. The-

on the anode. analysis is given as follows : .\nhydrous sulphuric

If the electrolyte itself is submitted to the direct acid. 34.77 per cent; oxide of aluminum, 37.98 per

current, no noticeable reaction takes place, but the cent; potash. 9.64 per cent; water. 17.61 per cent;

moment iron oxide is added the electrolysis starts, and specific weight. 2.75 : hardness, 2.50 to 3.
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THE CLANCY ELECTROCHEMICAL CYAN-
IDE PROCESS.*

By JOHN COLLINS CLANCY.t

This process is more ininiediately concerned with

the treatment of refractory ores, these ores generally

having their values associated with coniimunds in

chemical combination, which are not susceptible to

the action of solvents until roasting or some other

method of oxidation has disassociated the said com-

pounds and liberated the precious metals. Roasting

is bv all means the cheapest oxidation process so far

known ; any attempt to oxidize the base constitu-

ents by other chemical means is obviously of a very

expensive nature, therefore, commercially impracti-

cable. It is known that, in some cases, profitable ex-

traction of the precious metals from base ores may

be obtained, depending on how rapid the action of

the cyanide is upon the finely divided gold in prefer-

ence to. its action upon the base constituents—that is

to say, before the base metals are attacked the gold

has been dissolved. Sometimes by keeping down the

alkalinity of the solution to an almost neutral jxiint

in "protective"' alkalinity a good extraction may be

(obtained, as the absence of an excess of alkali will

protect the metallic sulphides from decomposition and

allow the cyanide to work directly upon the precious

metals. Of course, these results are only capable

of accomplishment when the precious metals are not

in chemical combination, unless a solvent for the

chemical compounds is present with the treatment

solution. The Clancy process in a measure includes

the embodiment of these principles.

.\s a preamble, a little historx relating to my earlier

experiments on refractory ores may not be out of

place. The ores of Cripple Creek, Colo., may be

taken as an example of so-called refractory ore. T

need not dwell upon the past or present metallurgical

treatment pf these ores, but will only state, in passing.

that straight cyanidation of the raw undressed ore

yields but a trifle over 60 per cent extraction. It will

be apparent, therefore, that a process to extract from

about go to 95 per cent of the values without roasting

or concentration, and at a reasonable cost, would be

a boon to the district of Cripple Creek, as well as to

other similar districts in dififerent parts of the world.

To this task I set myself .some years ago. and mv
improvements ma\ l)e seen from reading the dift'erent

specifications, which show my line of thought and

gradation from earlier imcesses.

•Paper read before the New York Section of the -American
Electrochemical Society, on December 16, 1910.

The object of my first experiments on L'ripple Creek

ores was to find a cheap alkaline solvent for the

telluride of gold which occurs in these ores, the tellu-

rides existing principal!} in the form of (AuAg)

le., ; the mineral cala\erite and s_\l\'anite may be ap-

proximately represented by this formula. The min-

erals calaverite and sylvanite are often found alone,

but more frequently associated with pyrite ; this close

association with the pyrite increases the difficulty of

treatment b\- chemical solutions as well as separation

by mechanical means.

1 discovered that the alkaline hypochlorites hypo-

bromides, hypoiodites (ISTaClo) (NaBrO) (NalO)
dissolved tellurium readily, and also attacked the

tellurium in the gold telluride compounds, while their

calcium salts—the analogues of bleaching powder

—

were not solvents. Sodium hypochlorite being the

cheapest, there was therefore a possibility that by

crushing the ore fine the tellurium would be dissolved

ofif, and allow solution of gold by cyanidation. The

equation representing this reaction may be as fol-

lows :

Tc, -f 4.\aCl( ) + 2H0O = 2H,TeO, + 4XaCl
the tellurous acid so formed would dissolve in the

excess of alkali

—

?LTe( ), -t- 2Xat)H = Xa,Te( ), + .'ILO

.\. preliminary treatment with XaClO. followed by a

cyanide treatment on ore crushed to 100 mesh, in-

variably gave an extraction of from about 80 to 85

per cent of the gold contents, and frequently a

higher extraction when the gold telluride in the ore

was not closely crystallized with the pyrite. The pre-

liminary treatment, however, had its drawback, in-

asmuch that the remaining XaClO left in the pulp

after treatment destroyed cyanide unless washed out

entirely : this washing caused extra filtering and

meant two sets of solution treatments, and for that

reason, together with the alleged high cost of pro-

ducing XaClO, the test was not continued.

My next process was the employment of a soluble

persulphate, such, for example, as ammonium per-

sulphate, as a preliminary treatment to dissolve the

tellurium contained in the ore This solvent.

( XH, )oS.,( ).,, was superior to XaClo, owing to the

fact that the iron sulphides did not become oxidized

to any appreciable extent while the tellurium was un-

dergoing solution. .Another advantage—the remain-

ing persulphate did not act to destroy the cyanide on

subsequent treatment ; on the contrary, it hastened

solution of the gold, after the following equation :

4KCX + 2.\u + ( XH,).,S.O, =
2KAu(CN), + (NH,)SO, + K„SO,

Tlie high cost of the persulphate, together with the
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iicct'ssit_\ (.It using two sets of suliilii>iis. \\;is the iiaMHi

for not continuing this method. 1 next tried it it

were possible to dissolve the tellurium and gold

simultaneously In using a mixture oi cvauide and per-

sulphate. This scheme was found to work satisfac-

torily on gold telluride crystals, but when applied to

the ore the methiid was prcihibitive on accouiU d the

large amount of persulphate reijuired, due iirincipallx'

to the presence and formation in the solution of ferro-

cvanide. which caused the action ot the persulpliate

to be completel)' millihed. Fhe thought then occurred,

could some substance be used to prevent the action

of the ferrocyanide upon the persulphate? Retlccting

on the behavior of the alkaline hypo-halogen com-

jKiuiids towards KCX. 1 recalled the weak action ex-

hibited by sodium hypiiie)dite upon KCX in comi)aiison

to that exhibited by sodium hypochlorite and sodimn

hypobroniite : the latter compounds almost immedi-

ately converted the KCX into KCXO in alkaline s<i-

lution—in acid the solution formed c\anogen bro-

mide and cyanogen chloride, respectively, (iuided

by this process of thought, the idea of using a soluble

iodide, together with the ]iersulphate in the cyanide

solution at once suggested itself, and 1 forthwith tried

the ettect of potassium iodide in conjunction with

persulyihate and cyanide solution, on gold tellnrides,

with the result that the tellurides underwent complete

solution. The nature of the reaction at once ex-

plained itself—there being no alkali present in any

of these tests, other than the alkali occasioned by the

hydrolysis of the cyanide solution, it was simply the

persulphate liberating the iodine in presence of the

cyanide solution to form cyanogen iodide. The fol-

lowing equation.? may represent the action shown in

two stages

:

2Kr 4- K,S„Os = 2K,SO, + 2l

then

2l + KCN = ICN + KI

From the study of these reactions I conceived the

idea of liberating iodine while the ore was in contact

with the cyanide solutions b)' the use of a substance

yielding nascent oxygen, using any oxidant which had

not a too high velocity reaction, and one which did

not unduly increase the alkalinit}' of the solution so

as to prevent the formation and existence of cyanogen

iodide in the said solution. Persul])hate apparently

filled these conditions, as it introduced no free alkali

while giving off nascent oxygen, but, on the contrary.

neutralized alkali. <iwing to its anxiety to jiart with

one of its sulphions ( So^ )

K,S„0, + 2KOH =2K.,SO, + H,0.,

It will be seen from the above description that the

solutions would contain free cyanide, together with

cyanogen iodide and the oxidizing agent—persuli)hate

—the proportion of cyanogen iodide to cyanide de-

l>ending upon the speed of the reaction and ratio of

persulphate to potassium iodide. To ap])ly this solu-

tion to the treatment of ore and maintain the chemical

cf|uilibrium necessary for producing cyanogen iodide

re(|inred \ cry skillful manipulation. For example,

the ore had to be made alkaline by applying the neces-

sary protective alkali to the cyanide solution; if ex-

cess of alkali was added, the persulphate would still

liberate iodine, but the iodine so liberated immediate-

ly formed alkaline hypoiodile ; the hypoiodite formecl

was rapidly destroyed b}' the sulphides contained in

the ore, thus rapidly using up the oxidizing energy of

the oxidizing agent. The amount of alkali to be

added depended, first, on the acidit\' of the ore; sec-

ond, on the proportion of persulphate added, the per-

sulphate requiring alkali in proportion to the removal

of its ( !>( )j ) ; thirfi. the inlluence of time on the rate

of progress of the reaction; fourth, the influence of

atmospheric oxygen during agitation, accelerating the

oxidation of sul|)hides, which develojied acidit\- and

re(|uired alkali. To control this alkalinity, sufficient

alkali had to be added, but not enough to destroy the

CAanogen iodide; again, the cyanogen iodide fijrmeil

would, in the presence of alkali and sulphides, form

sitl])hocyanides. representing a direct loss of cyanide.

Xor is this all: when the agitation treatment was coni-

])leted, the .solution, after leaving the ore, preparatory

to filtration, would drop^f. c, show a greater cyanide

Consumption than when in contact with the ore. This

consumption of cyanide was ].)robal)ly due to the

cyanogen iodide formed, together with the remaining

persulphate, acting u|)on the cyanide solution in ;d)-

sence of the retarding influence of the reducing agents

in the ore. When it was necessary to add alkali to the

solution in order to secure the pro]icr precipitation in

the extractors, a further coii'-umption of cyanide took

l)lace after the equation :

CXI + 2KOH = KCXO -T- Kl

I disc<ivered that this consumption of cyanide could

be completely stopped, and the cyanide which had

combined to form cyanogen iodide, regenerated, l)\' the

simple addition of sodium sulphite ( .Xao.SO., ) and

lime after the equation:

CXI + Xa.SO., -I- H,( ) = XaCX + Xal + H,.SO,

The lime added neutralized the acid produced. The

addition of sodium sulphite acted perfectly at this

point, but it did not take care of the decompositicjn i.jf

cyanogen iodide to alkaline cyanate jiroduced by the

necessarv presence of alkali in the ore treatment

process la measure, of course, not allowable in the

treatment tank). It is obvious that the above process

would require a skilled manii)ulator to obtain results

at a reasonable cost; in a word, the process is not fool-

proof. However, if the market jirice of persulphate

would drop to a reasonable figure, and cheap salt used

which would undergo hydrolysis— ;'. c. give hydroxy-

lious in solution to the extent of taking up the acidity

jiroduced by the oxidation means employed—then the

process would require n<i more attention than the or-

dinary straight cyanide process.

OZOJiE .\S AN OXIDIZINC ACKST.

In view of the high cost of persulphate, my atten-

tion naturally turned to the use of a cheaper oxidiz-
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ing agent and one that would not introduce, as before

stated, alkali in the solution. Ozone, therefore,

claimed my attention, as previous experiments with

ozone gave interesting results, and as there were sev-

eral ozonizing machines on the market at this time.

I began to look around for the most economical ma-

chine which produced the greatest amount of ozone

at the lowest cost. One machine in particular was

guaranteed and backed up by a reputable, well-known

firm to produce from lOO to 150 grams of ozone per

kilowatt hour, and figuring the cost of electrical en-

erg)' at one cent per kilowatt hour, it seemed that I

had now struck the right nail on the head as regards

a cheap oxidizer. An ozonizer of the above descrip-

tion was immediately purchased and installed in my
lalx)ratory, whereupon I at once set to work to test

the action of the ozone on the treatment of ores with

cyanide solution containing soluble iodides, using the

ozonized air produced by the ozonizer to liberate the

iotline from the necessary chemicals while in contact

with the ore. Ft would take up too much space to

give in detail the results of the numerous tests made

on different samples of ore ; in short, the ozonized aid

acted as a first-class oxidizing agent and gave ex-

cellent results. The onl\ thing against this scheme

was that it contained too much cyanide, unless very

carefully watched, it being difficult to establish the

proi)er ei|uilibriuni necessary to ])revent rapid oxida-

tion to cyanide. The equation representing the ac-

tion i)f the ozone upon the iodide was as follows:

O, + 2KI -{- H„0 = O, -I- 2I + 2KOH
and. of course, the iodine combined with the cyanide

to form cyanogen iodide, as already shown in one of

the foregoing ec|Uations. the excess ozone forming

with the cyanide KCXO after the ec|uation

:

O, + KCN = KCNO -f O.,

The (|uestion now was Imw to ]ire\cnt this formation

of KCXO.
Learning from previous tests on ores containing

large amounts of reducing agents that the consump-

tion of cyanide was not so great as with ores which

did not contain reducing agents, the thought suggest-

ed itself to add a reducing agent to the cyanide so-

lution. 1 knew that potassium sulphocyanide, although

in a sense a reducing agent, had no action on straight

cyanide treatment— /. c, the atmospheric oxygen was

Tiot absorbed by it. Experiments showed that when
sulphocyanide was subjected to ozonized air, cvanide

was generated after the equation :

K'CN.S + 11/) + 30, = KCX -f H.,SO,

The alkali present of course neutralized the acid as

produced, and the cyanide so formed was not decom-

posed as long as the sulphocyanide was present. This

action opened uj) a lield for thought, and in fol-

lowing it I tried the action of ozonized air on sulpho-

cyanide .solution containing an iodide. Upon intro-

ducing the ozonized air into the vessel containing the

sul])hocyanide and the iodide solution, free iodine

was at once liberated. When this experiment was re-

peated, using part of the same original solution, but

with a small addition of alkali, on again passing the

ozonized air through the mixture the solution imme-

diately assumed the characteristic iodine coloration.

This solution was e.xceedingly active on gold leaf and

on telluride of gold, presumption being that the so-

lution contained cyanogen iodide and free cyanide.

The formation of cyanogen iodide by this means may

be represented by the equation

:

3KCXS + 3KI + 4O, = 3ICX + 3K.,SO,

bollowing up this discovery, as shown by the fore-

going equations, I proceeded with my tests, using the

sulphocvanide to prevent the direct formation of

cyanate. and was rewarded with most satisfactory re-

sults, the consumption of cyanide being very much re-

duced. However, the amount of cyanide consumption

which did take i)lace over and above that consumed

bv the ore, as compared with straight cyanide, was

probably occasioned by the cyanogen iodide formed

being oxidized slowly to cayanate in presence of al-

kali. The speed of this reaction was ntit great, and

probablv occurred after the following equation:

5CXI + 6KOH = 5KCN -f KIO, + 2I, + 3H„0
Potassium hypoidite (KIO) being formed as an in-

termediate product, the excess of iodine acting upon

more alkali forming hypoiodite would destroy the

KCN formed and exentually become oxidized to

KCNO.
Here was a field for the expansion of the process

on the large scale, but there is always a "but." While

the production of ozone was apparently cheap enough

as regards the cost of electrical energy, the cost of the

machine (installation) to produce enough ozone to

treat, say, i.ooo tons of ore per day was staggering.

The machine required the supervision of trained ex-

perts, and for a i ,000-ton-a-day plant a battery of

about 500 unit ozonizers would have been required,

besides various other mechanical objections too nu-

merous to mention. ".Another hope blasted!"

The production of ozone by electrical means is yet

in its infancy, and it is only within the last few years

that ozonizers have been put on the market to give

ozonized air of high concentrations. In the very near

future it is probable that ozonizers will be built to

give large volumes of ozonized air at high concentra-

tion with a small installation of ozonizer units. Mean-
while I had to look around to find a substitute. How
was it to be foimd? I had already exhausted almost

the whole list of economical oxidizers known to chem-

istry.

FXECTROLYSIS.

The employment of the electric current claimed my
attention as a means of producing the oxidation nec-

essary while the solution was in contact with the ore.

Electrical means for the treatment of ore labors under

a stigma, inasmuch as there have been many unfa-

vorable criticisms on the use of electrolytic processes,

no doubt caused by the numerous failures. Among
these may be mentioned the electrical precipitation of
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gold, requiring ilic installation of an enormous plate

surface, electrode difficulties, and the consequent de-

struction of the cyanide by the use of the cmrent.

One of the most severe criticisms on electrolytic

processes is where the direct precipitation of the values

from the ore pulp is concerned, the objections prob-

ably be due tc> the scouring of the plates by the cir-

culating ore and the consequent loss of finely divided

gold amalgam in the ore pulp. Much more could be

said on this subject, but the Clancy process is not con-

cerned with any electrolytic process, nor deposition of

the gold on plates, nor upon the dynamical theory of

the gold being brought against the cathode electrode

and there meeting with nascent hydrogen, nor the ore

being brought against the anode electrode and meet-

ing with the nascent oxygen. The process thus dif-

ferentiates itself into a method of using the electrical

ei\erg)' to disassociate the chemicals employed, and

bv their agency doing the necessary work.

ELECTRODES.

It will be obvious from the foreging that the use of

electrolytic methods requires proper anodes. Numer-

ous substances to act as anodes have been tried, such,

for example, as lead peroxide, carbon, iron, graphite,

etc.. all these substances having been more or less in-

efficient. Anodes of lead peroxide under the influ-

ence of high current densities break down

—

i. c. disin-

tegrate. Iron when used as an anode is oxidized by

the nascent oxygen liberated, and forms hydrated

oxides of iron, and should the cyanide solutions con-

tain halogen salts, the corresponding iron halogen

compounds are formed. It is needless for me to de-

scribe the many difficulties which I have been up

against to find a suitable anode. All the common
metals, together with different alloys and comiiounds.

were experimented u])on to find a substance which

would withstand the action of the halogen compound
— /. c. some substance that would not combine with

either chlorine, bromine or iodine imder the action of

the current—so as to allow the liberated halogen or

the nascent oxy.gen to do the useful oxidation work

in the solution.

(rraphite (extruded) stands the electric current fair-

ly well— ;'. c, makes a good anode while it lasts—but

under the influence of high current density it disin-

tegrates and cannot be used for any length of time in

circulating solutions containing ore in suspension, as

it is worn away by the attrition or friction of the ore

particles against the said electrodes. Nor is this all.

When it is understood that graphite will not stand a

much higher density, say. 10 amperes per square foot

of surface, it rec|uires no calculation to figure out the

amount of electrode .surface required on a working

scale. The only metal which would stand up under

the electrolysis of cyanide-bearing solutions contain-

ing halogen compounds was platinum. On a commer-

cial scale the emplovment of platinum could not for

one moment be entertained.

-After trying out every known electrode which I

thought might prove suitable, I found that oxide of

iron which had been melted in the electrode furnace

was the only thing that would stand up under high

current densities and not combine with the halogen

compound contained in the cyanide solution. The

area of anode surface of this material to give the nec-

essary current density is reduced to a fraction of the

amount of surface required in the case of graphite.

In general, these melted iron oxide electrodes used, as

described, are particularly suitable for the electrolysis

of cyanogen-bearing solutions, and present the fol-

lowin.g advantages over all other anodes, includmg

platinum: ]'"irst, they are cheaper, and they have un-

limited life in comparison with the other anodes al-

ready mentioned : second, they furnish nascent oxy-

gen free from carbonic acid, which is of great advan-

tage in the electrolysis of cyanide solutions ; third,

they do not disintegrate under hi.gh current densities,

and are so hard that they do not wear away by the

attrition of the ore pulp in the agitating tank.

Armed with the necessary weapons in the shape of

these highly inert refractory electrodes, and with con-

fidence in my process based on previous experiments

with platinum electrodes, I felt sin-e that I could ac-

complish anything in the shape of electrolysis oi

cyanogen-bearing solutions containing halogen com-

pounds. I could now use high current densities and

liberate chlorine, bromine or iodine in the said solu-

tions without worrying about my anode breaking

down. It will be remembered in my earlier experi-

ments that I was confined to the use of persulphate,

together with iodine or soluble iodide, as nf) other

oxidizer, not even ozone, would liberate bromine i>r

chlorine in the alkaline cyanide solution. Taking ad-

vantage of these new-found electrodes. I experiment-

ed with cyanide, sulphocyanide and a soluble bro-

mide, and obtained excellent results on the most re-

fractory ores by keeping the solutions at the neutral

point, so as ti> allow of the formation of bromo-cyan-

ogen while in contact with the ore. The use of a

bromide as above described, although giving results

equivalent to the use of soluble iodide, was more dif-

ficult to control, owing to the necessity of maintain-

ing the solutions at the neutral point, and required

more electrical energy to do the same work as iodide.

.\gain. by keeping the solutions at the neutral point,

the formation of cyanate was much more rapid, con-

sequently the free cyanide did not coexist very long

in the presence of the cyanogen bromide, owing to its

high speed of reaction. The bromates produced by

the oxidation action would accumulate in the solu-

tions and were apparently not reduced to bromides

even after passing through the zinc boxes. In the case

of using a soluble iodide, any iodates forined were at

once reduced by the action of the sulphocyanides. This

reaction between sulphocyanide and an iodate is very

striking, so much so that if we take a solution of an

iodate and add to it a solution of sulphocyanide. on

acidifving this mixture immediate liberation of iodine
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takes place ; or, again, if we lake a solution of iodate

containing sulphocvanide and electrolyze the same,

iodine is immediately liberated at the anode. \\ ith

bromates this is not the case. ISromates are reduced

more or less by the nascent hydrogen evolved at the

cathode. But this nascent- hydrogen has to do other

work; in fact, it has no time to look after the com-

plete reduction of bromates, as during electrolysis a

thin pellicule oi calcium hydrate is produced <m

cathode. The formation of this pellicule is occasioned

by the presence of calcium salts in the solution. This

pellicule scales off, but is immediately reformed, thus

more or less preventing the hydrogen gas in its atomic

state from coming into contact with the electrolyte

and causing a union of the atoms to molecular hy-

drt>gen. \Mien the hydrogen has once assumed the

form of molecules, then its reducing power is at an

end. liromates. therefore, have a chance of ]>artial

reduction in the treatment tank. The advantages p<:is-

sesse<l by the use of iodine over bromine are the fol-

lowing: Iodine is easily liberated from its comi)iiunils

at a very low voltage: it does not react. violently upon

the cyanide solution ; it is continuously reduced from

its higher o.xidation state by the sulphocyanides pres-

ent in the solution : it can be liberated from its com-

pound in alkaline solutions—this fact prevents the loss

of valuable iodine due to volatilization. The fact that

iodine forms cyanogen iodide in a slightly alkaline so-

lution is of extreme importance in the treatment of

ores, as by tliis fact sufficient free cyanide coexists

during the formation of cyanogen iodide. The de-

composition of cyanogen iodide to cyanate in the

presence of alkali takes place slowly, thus allowing

ample time for the precious metal's dissolution.

This method of using cyanide sulphocyanidc and a

halogen compound in conjimction with the electro-

lysis of the solution ga\'e excellent results on most of

the so-called refractory ores. The cyanide could have

been regenerated from the KCNS ( /. c. the KCNS
which had formed due to the action of the cxanogen

iodide upon the sul])hides during treatment ) but for

the jiresence of the halogen conipi>und.

The reaction :

IxXNS + 3O -f 2KOH = KC\ + K.,SO + H,0
takes place only to a limited extent. The presence of

the halogen salt handicapped this reaction— /. c, it

finally became more or less a reversible one after the

following equations

:

KCN.S + KT + 2KOH 4- 4O =r KIO + K.SO, 4-

KCX + HX)
KIO -f KCN = KCNO + KI

KIO + KCN + K..S = KCN.S + KI + ICO
In a word, the formation of KIO oxidizes the KCN to

cyanate, and when regenerating the solution in the

presence of ore, the KIO acts upon the sulphides in

the ])resence .of alkali, producing KCNS. It will be

seen that it is difficult to establish the correct ratio of

alkali to obtain an equilibrium to allow of the forma-

tion of KCNS and prevent the formation of cyanate.

How could the formation of cayanate l)e prevented?

How could the cyanogen-bearing solution be regen-

erated? Numerous experiments made with all kinds

of additions, conducted upon scientific principles, with

a view to reducing the cyanate to cyanide, gave mcst

discouraging results. As far as I am aware, there is

no record m technical literature in reference to the

regeneration of cyanide from solutions of cyanate

;

therefore 1 had to launch out into a sea of specula-

tion. Mv first experiment was to try the action of

the electric current upon a chemically pure solution of

potassium cyanate. The action of the current upon

straight cyanide (as is well known 1 results practically

in the formation of cyanate. I therefore tried the

effect of continued electrolysis upon a pure solution

of KCNO. It was not niv intention to chase any

scientific butterflies, but only the question as to what

were the products of electrolysis. I forthwith pro-

ceeded with m\ experiment. ( )n examination of the

cathode product. NH,, revealed its jiresence by its

action on the olfactories. -Kt the anode I collected

Co.,, the solution meanwhile increasing in alkali. These

products for a start were by no means encouraging.

However, as a jireliminary to an intended systematic

research .-md to see if there was any possibility of

some reduction to c\anide, I withdrew a portion of

the liquid from the containing vessel and floated some

gold leaf upon the surface of the solution and set it

aside for observation, meanwhile continuing electro-

l}'sis of the remaining solution, .\ftcr about ten min-

utes this solution became very hot. I was about to

throw it out as a spoilt exiieriment, but, thinking there

might be some intermolecular change due to the in-

creased temperature (having in mind, amongst other

things, \\'ohler"s discovery, tL-:., conversion of am-

moniimi c\anate into urea), I withdrew a second por-

tion (_>f the solution and floated gold leaf upon its sur-

face, placing it alongside the first experiment. I

watched both solutions carefully. No. i experiment,

which had already stood fifteen minutes, shi)wed no

signs of dissolving; No. 2 experiment, after ten min-

utes, surprised me, for the gold was surely being dis-

solved, and in thirt\- minutes it was completel)' dis-

solved. No. I experiment after standing all night

showed no signs of dissolution. Thinking that the

reason why No. I did not dissolve gold leaf was owing

to its not having the same amount of current as No.

2, I set to work and made two exi)eriments under

]5recisely the same conditions, with the exception that

one was kept cold by immersion of the containing

vessel in a freezing mixture, while the other one was
allowed to become warm as before. .Vfter giving

both the same ampere hours of electricitv, I floated

gold leaf on each solution. On thirty minutes' stand-

ing, the one that was allowed to become hot dissolved

gold leaf completely ; the one which was kept cold

showed no signs of dissolution, even after three days'

standing. Platinum electrodes were used in both ex-

periments. \\"hat was the cause of the difference be-

tween the electrolyzed hot and cold solutions? Was
it the formation of urea' I at once electrolvzed a
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M.>liuiun ot pol;is.->iiini lyaiialc cuiitaiiiing a Muall i)or-

tioii of urea, adding a small amount of caustic soda

til mcrcaso the conductivity. ISy this means the so-

huiui! kept at alx)Ut room temperature. On comple-

tion of electrolysis, gold leaf was floated upon the

surface of this solution and allowed to stand to await

results. In about fifteen minutes the gold leaf under-

went complete solution. I'rom this it wt)uld appear

that the urea theory was probably correct, or was

it the cyanate in a>nj unction with the urea, together

w ith the action of the electric current-producing cy-

anide, isopurpurate. or some other gold-dissolving

ctnnpound ? Testing with silver nitrate showed ap-

])arently con.siderable cjuantity of IvC'X, biU nothing

commensurate with its dissolving value on gold leaf.

IMSCOXKUV OF ACTIOiX Ot' CVAXA.MIDIL.

llaxing made this discovery, that urea in coiiiunc-

lion with the cyanate and electrolysis of the solution

dissolved gold leaf, the ne.xt cjuestion was : Would
any similarly constituted organic compound do the

same thing? Urea being an amide compound ^carba-

inide), I at once thought of cyanamide. I thereupon

added a solution of cyanamide ( using the calcium

<-yanamide of commerce, which is soluijle to the ex-

tent of about 58 to (So per cent in water ) to a cyanate

.solution, electrolyzed same, and treated the ^olutioIl

as before with gold leaf ;
dissolution of the gold took

place in a few minutes. \\ ith a view to stud\ ing this

peculiar reaction, I tried the action of electrolysis on

a solution of calcium cyanamide. Without any other

admixture other than the addition of a little alkali

to increase the conductivity, after electrolyzing for

ten minutes at a fairly high current density, the so-

lution dissolved gold leaf in about fifteen minutes.

This solution also gave a substantial titration with

silver nitrate, showing probably that cyanide had

formed, .\gain treating the original solution with

the addition of jjotassium thiostilphate, and bulling

for the purpose of converting any cyanide present

into sulphocyanide, on testing this solution with ferric

chloride it gave the characteristic IjJood-red colora-

tion of the iron sulphocyanide— surel\ ample verifica-

tion ; but to make it more confirmatory, T added a so-

lution of ferrous sulphate to convert any cyanide in

the solution into ferrocyanide. On addition of ferric

chloride it gave, on boiling, the characteristic Prussian

blue. I was therefore satisfied that some cyanide was

formed by the electrolysis of calcium cyanide, but

as to the amount produced from a given quantit\- of

cyanarnide I was in the dark, owing to the ]3eculiar

behavior of the titrating solution in ])resence of or-

ganic compounds. It seemed, from different experi-

ments made, that the production of cyanide l)y elec-

trolysis of cyanamide solution fref|uentlv never rose

above 0.3 to 0.4 pound KCN per ton of solution. Dur-

ing all these tests I used solutions of analogous

strength to working scale practice. On referring to

Watt's Dictionary of Chemistry, Vol. II, page 314,

line 65. it is stated, in substance, that cyanamide com-

bines with potassium cyanate to form mono-potassium

amidodicyanate, formula ( I. '.\ )..\'l L( )1\. Rellectiug

on this reaction, I tlmuglit probably that, as the cy-

anide was formed by the electrolysis of the cyanamide,

it was oxidized by the current to cyanate, the cyanate

then acting upon the unaltered cyanamide to form po-

tassium amidodicyanate, and potassium amidodicyan-

ate, when electrolyzed, forms a powerful gold solvent,

although it does not give any appreciable titration

with silver nitrate. It will be, I trust, appreciated that

to go into discussion of these reactions would not only

require an enormous amount of space, liut prove too

severe a tax upon my time : suffice it for the present

to say that 1 have a ntimber of notebooks filled with

interesting data in regard to these relations, showing

how they branch off and become diversified. I there-

fore propose later on to publish the results of the

different experiments and theory relating to the data

of iny notebooks.

To go into practical work is more tn the point of

this article. However, before leaving the theory,

which is alwa\s the necessary scaffolding for i)uild-

ing up an edifice, I may state that when a solution

of calcium cyanamide is mixed with a solution of

alkaline ferro cyanide and allowed to stand for a few

hours, and even after weeks of standing, it becomes

an active soh'ent for gold, and withrmt the aid of

electrolysis, and when apjjlied to the treatment of

ores amenable to straight cyanidation gives results

etiuivalent to the simple cyanide treatment, even in

very dilute solutions.

Further, this process can be used on ores which

have alread}- been treated by the cyanide process—that

is to say, on the residues commonly known as dumps.

There e.xists in these dumps a large proportion of

Prussian blue, wliich, when treated with alkali, be-

comes in sub.stance potassium ferro and ferri cyanide,

or soluble prussiates.

This opens up a cheap means of treating ores amen-

able to the ordinary cyanide process as well as ores

(residues) which have already been treated by the

cyanide solution—that is to say, ores from which the

precious metals have not been wholly extracted, and

which would not pay for re-treatment by the ordinary

cyanide process on account of the cost of cyanide.

The following is an example of using this jirocess

upon ore amenable to cyanide treatment

:

Take 2,000 lbs. of water containing i lb. of calcium

cyanide, 'i lb. of alkaline ferro-cyanide and i lb. of

lime. The ore is subjected to this solution in the or-

dinary way. say, in proportion of two parts of solu-

tion to one part of ore. for a period of, say, eight

to ten hours, or until extraction is complete.

The following is an example of using the process

upon ore which has already been treated by the cy-

anide process and exposed to atmospheric oxygen,

which occasions the formation of Prussian blue and

other ferro cyanogen compounds

:

This ore. when treated with a solution containing i

lb. of cyanamide, i to 5 lbs. of lime (the amount of

lime, of course, depending upon the acidity of the
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ore), in 2,000 lbs. of water, gives results equivalent to

the use of straight cyanide solution when used in the

proportion of two or three parts of solution to one

part of ore.

Again, if the above mixture is electrolyzed, the so-

lution of the gold is extremely rapid. Calcium syana-

mide mixed with alkaline sulphocyanide, electrolyzed,

immediately becomes cyanide, and dissolves gold rap-

idly. To show the action of another amide com-

ix)und, for example, guanidine carbonate mixed with

potassium cyanate, in conjunction with electrolysis of

the .solution, dissolves gold leaf in less than ten min-

utes. I might go on here and cite a whole list of

amidogen compounds in conjunction with cyanate so-

lution, if .space would permit, and I have no doubt it

would be interesting to those following the subject.

In the mdist of this work on cyanogen-bearing ma-

terials, the thought occurred to try the combination

of calcium cyanamide and iodine. I forthwith made
a solution of calcium cyanamide, adding a solution of

iodine to see if this combination would dissolve tellu-

rium, and was rewarded by finding it to be an excel-

lent .solvent. I next tried gold leaf on the same com-

bination, and had the satisfaction of seeing the gold

go into solution in a short time. A scum of calcium

carbonate forms on the surface, preventing more rapid

solution. From this I deduced that the addition of

iodine formed cyanamidogen iodide. I am unable to

lind any reference to this compound in chemical lit-

erature which I have read, and I therefore take the

liberty of calling it by the above name, and further

jiresume the formula to be CNjL. I next tried the

action of cyanogen iodide upon a solution of calcium

cyanamide, and, knowing that cyanogen iodide would

l)e destroyed by an excess of alkali, anticipated that

this combination would dissolve telluride of gold.

Upon applying the solution to tellurium and telluride

of gold, these substances at once dissolved, showing

that the solution was probably due to cyanamidogen

iodide, and I again presume the reaction to be in ac-

cordance with the formula

:

jICN + CaCN„ = Ca(CN)„ + LCN,
WORKING OF THE CLANCY PROCESS.

I will now describe the general method of using

ihe Clancy process on the working scale. The ore is

crushed by stamps, rolls, ball mills or any other effi-

cient form of preliminary grinding mills. The degree

of fineness necessary for the process being about

roo-mesh, this degree of fineness is probably most
economically accomplished by the use of tube mills.

The ore is crushed in the cyanide solution containing

calcium cyanamide, sulphocyanide and the halogen

-;alts ; it is therefore under the influence of straight

cyanide treatment practically after leaving the rock-

l)reakers until it reaches the agitation tank. In the

iigitation tank it meets with electrolysis, which acts

upon the cyanide containing the additional chemicals

in solution, forming powerful solvents for the pre-

i-ious metals, as already described. Before describ-

ing the treatment solution the manner of dissolving
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the cyanamide should be known. Calcium cyana-

mide of commerce comes as a black powder, and is

about from 58 to 65 per cent soluble in water. It is

necessary, therefore, to dissolve the cyanamide in a

separate tank and filter from its insoluble residue. A
small air-agitating tank is admirably suited for this

purpose; at the same time it will act as a cyanamide

storage tank. The cyanamide solution may be made
as highly saturated as desired, and the calculated

quantity drawn off when required and added to the

cyanogen-bearing solution. The treatment solution

is made up t(j 2,000 lbs. of water containing i lb. of

cyanide, 2 lbs. of alkaline sulphocyanide, 2 lbs. of

calcium cyanamide and yi lb. alkaline iodine. If using

crushing rolls after the rock breakers, the product

leaving the rolls at about 12-mesh is fed into the tube

mill and converted into a pulp by feeding the mill

with the treatment solution and ore in the proportion

of one part of ore to one part of solution. The dis-

charged pulp, after separation of the oversize, is trans-

ferred to the agitation tank to undiergo electrical'

treatment. If it is thought necessary to remove the-

sulphides before, after or during the treatment, the

following method presents an ideal scheme : \Vhen

solution containing finely divided ore in suspension is

contained in the well-known cone-shaped tank and

agitated in the proportion of two of solution tn one

of ore. or in the proportion of three of solution to

one of ore, if the agitation is stopped for a few min-

utes, the finely divided sulphide particles settle to the

bottom of the cone, and by simply opening the dis-

charge valve at the cone apex the sulphide may be

completely drawn off, together with a small propor-

tion of the non-sulphide pulp. This sulphide product

may be run over blankets or similar contrivances and

the finely divided concentrate collected, the excess of

pulp solution being returned to the agitation tank for

treatment. Here is the means of eliminating the use

of concentrating tables and obtaining a product of

very high value in a very small bulk. Again, the pulp

being in a very finely divided state, the pyrite or sul-

phide portion is not accompanied by quartz or gangue r

therefore a clean high-grade concentrate is obtained, a

result not capable of accomplishment by the use of

concentration tables without the employment of a

large quantity of solution with its attendant expenses.

The pulp now in the agitating tank carries the cor-

rect alkalinity, this being previously established in the

tube mill by adding lime so as to obtain from o. i to 0.2

lb. "protective" alkalinity per ton of solution.

The conductivity of the pulp is adjusted by adding

common salt until the required voltage is obtained

:

20 lbs. of salt per ton of solution, as already stated,

will invariably decrease the resistance of the pulp so

that the voltmeter will register about from 3 to 6

volts. In the majority of cases a current of about 50

amperes per ton of ore under treatment per day is

adequate. It will be easily seen that the expense for

electrical energy is not by any means prohibitive. With
iron oxide electrodes it is possible to use a current
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density considerabl\- o\cr 50 amperes per square foot fonnidahle mixture when l(ioked at cursorily, hut on

of anode surface, so that one electrode 3 ft. in length analysis it does not work out beyond the limits of

by 3 in. in diameter will be sutihcient for the treat- economic treatment. For example:

ment of from 3 to 4 tons of ore per (la\- ; in other 1 U). of cyanide 18 cts.

,
•

'
, .- ^, J 1 i 1 - H'S. of cvananiide 6 cts.

words, approxmiately 30 ot these iron oxide electrodes
.3 ,bs. of alkaline sulphocyanide 12 cts.

would be required for the treatment of 100 tons of % lb. of alkaline iodide 35 cts.

ore per day. If the treatment tank is constructed of Total 71 cts

iron, the tank itself may be used as the cathode. This This would not represent the total cost of one ton

arrangement would, of course, decrease considerably of solution, for, notwithstanding the effect of electro-

the cost of installation. The electric generator is the lysis, practically all the haloid salt or salts previously

chief item of cost. A low voltage generator, say a added, together with the sulphocyanide, will be found

lo-volt machine capable of giving the necessary am- unimpaired at the end of the operation, the cyanide

3>erage, can be obtained at any- of the electrical su]3j)ly and cyanamide alone suffering the necessary decom-

houses. It is obvious, therefore, that the process may position. It is clear, therefore, that no matter what

be applied to any existing fine-grinding plant pro- the projiortion of solution to ore. only the consump-

vided with agitating tanks ; all that is necessary is tion of cyanide and cyanamide per ton of ore is to be

simply to introduce the elecirodes into the circulating taken into account. The amount of cyanide consump-

ore pulp containing the necessary chemicals and tion on the ore in presence of cyanamide works out at

switch on the current. It is essential in every case about 1 lb. of cyanide per ton of ore treated. This

to maintain the alkalinity

—

i. c, protective alkalinity

—

consumption of cyanide is regenerated at the expense

at about o.i lb. alkali per ton of solution, so as to of 3 cts. for cyanamide and. at the very outside, 3 cts.

-allow' of the formation of cyanogen iodide and cyana- for current (figuring current at i ct. per kilowatt

midogen iodide. About eight hours' treatment under hour), making a total cost of 6 cts. per ton of ore.

•electrolysis is usually sufficient to obtain the neces- Added to the above cost is the cost of the electrical

sary extraction. energy necessary for the electrolysis of the ore pulp.

REGEXEUATiox OK THE LVAXiDE. The cost of elcctrical energy for this purpose works

After the eight hours" treatment with the current, out at about 10 cts. per ton of ore treated : this, added

the pulp solution is brought up to about i lb. per to the cost for cyanogen-bearing material and regen-

ton of protective alkalinity by adding caustic soda, eration, would make a total of 16 cts. per ton of ore.

and the cyanide contents regenerated up to about 0.5 These figures would represent the total cost, provided

to 0.6 lb. cyanide per ton of solution. The regenera- that all the solutions were recovered without mechan-

tion of the cyanide is then accomplished simply by ical loss. From this it is evident that the recovery

giving the pulp about two hours' more current. It of the solutions for re-use is a matter of vital impor-

will be understood that the reason for adding the extra tance to this process. The mechanical recovery of

alkali is that cyanide regeneration cannot take place the solutions is. therefore, entirely dependent upon

in the presence of a halogen compound unless the the efficiency of the filter employed,

solution containing sulphocyanides and cyanamide is The Moore filter eminently fulfills the process for

made alkaline. the recovery of the solution, inasmuch as it gives per-

il will be seen that the whole value of the process feet uniformity of cake both in thickness and porosity,

depends upon the recovery of the halogen compound, which means perfect resistance, and perfect resistance

While I have described in the examples a proportion guarantees perfect displacement. In fact, the busi-

of two parts of solution to one part of ore, a projjor- ness combination of the Moore filter with the Clancy

tion of three parts of solution to one part of ore may process was originally brought about not from any

Ije used with advantage—that is to say, by using three arbitrary or usual business considerations, but be-

parts of solution to one part ore a much smaller cause I, after the most rigid examination of all ex-

amount of alkaline halide may be used per ton of isting filter processes, learned in my demonstrations

solution, thus giving the same ratio of halide salt that this type of filter was the only one that could

per ton of ore as in the two of solution to one of be depended on to recover practically all of the solu-

ore pulp, and consequently a less proportion of solu- tions.

ble halide to be displaced by the water wash in the This filter process is too well known to describe

final slimes cake. minutely ; suffice it to say that when the final step in

COSTS. the cycle of treatment is reached—that is. when the

In this necessarily comparatively brief or incom- cake has been washed with barren solutions—the

plete description of the process, the use of chemicals moisture (containing soluble salts) saturating the

and currents have been described, but no mention of cake at this juncture may be completely water-washed

costs has been referred to. I will, therefore, take the by giving it the requisite amount of water for displace-

following solution to represent the typical working so- ment. The necessary amount of water for displace-

lution : 2,000 lbs. of water, containing i lb. of cy- ment is readily, seen without calculation by the dimi-

anide, 2 lbs. of sulphocyanide. 2 lbs. of calcium syana- nution of the water level in the wash tank : further,

mide and '4 lb. alkaline iodide. This appears a this can be adjusted to a nicety at the will of the op-
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erator, obtaining results not capable of accomplish-

ment by any other known filter. It has been neces-

sary for me to mention the unique points of this filter

so as to show how the solutions can be recovered with

a minimum of mechanical loss and with a miniaiuni of

water wash. In a properly constructed Moore filter.

Type A, the loss of solution under i)roper manipula-

tion should not exceed 10 per cent of the total so-

lution.

It should be understood that the above figures are

based on the treatment of rebellious or refractor}- ores.

and that they would in all probability be much reduced

when dealing with non-rebellious ores.

ECONOMY IN CUPOLA MELTING.*

By J. W. HENDERSON.

The mere melting of iron in a cupola is a simple

operation. To get the highest efficiency out of raw

materials and the necessary equipment, and convert

these raw materials into metal most suitable for the

work in hand, is another matter.

.Although not fully realized by foundrymen in gen-

eral, there is more to the cupola melting of iron and to

economic production of castings from cupola metal

than the mere bringing together in a cylindrical stack

lined with bricks, certain quantities of fuel and iron at

varying temperatures.

Primarily the engineer is interested in the ]ilant

arrangement and equipment and their relation to

economic production. As the engineers' work con-

sists in planning the relation of the parts of the foun-

dry to the whole scheme, with a view always to effi-

ciency, he must be interested in all factors that assist

or retard this result. In this discussion we are consid-

ering factors of economy involved in the conversion

of pig iron, scrap, etc.. into good castings. Examina-
tion of a large number of plants in man^- states, dis-

covers some of these important factors as follows

:

1. Relation of the receiving track to the ground
and building plan. This is important on account of

required storage room for raw materials, space for

scales and narrow gauge yard tracks, and means for

properly handling the charges of fuel and iron.

2. Wei,ghing facilities that will require careful

weighing of each complete charge as a separate unit.

This is a sadly neglected part of the equipment in

most foundries. A few of the general practices will

be mentioned later.

3. The elevator should be placed, in relation to

the position of the cupola, so that the maximum loads

of fuel and iron charges can be handled with the least

interference with the operation on the charging floor.

4. The charging room capacity in small foun-

dries should be sufficient to carry the charges for the

total heat, and in larger foundries adjusted .so that the

immediate cupola laborers will need the minimum
assistance.

•From the Pioceeilings Engineera' Society of Western Penn-
sylvania.

5. Cupola details. Those of importance are

;

Extension of the spout into the foundry.

Height of spout above foundry floor.

Depth of cupola from sand bottom to charging door.

Dimensions of charging doors and the distance be-

tween the doors and the charging room floor.

Capacity of the cupola, when lined to its largest in-

side diameter with safety, always in advance of shop

requirements, and with blower or fan capacity and

adjustment within a range that will permit the melt-

ing speed to be as elastic as the needs of the shop

might demand.

These engineering details of plant arrangement

and equipment not only influence economies but they

also assist or hinder systematic operations and ac-

curacy.

Many years' experience convinces that those en-

gaged in chilled iron W'ork, such as cast iron car

wheels, and those making malleable iron from the

cupola are to be credited with most of the present

development of cupola practice in this country. This,

has not been on account of their greater intelligence,

necessarily, but rather a matter of compulsion. For
example consider car wheel iron. When the metal

is running close to the lowest limit as to chilling qual-

ities, if the silicon content increases .05 per cent the

chill on the wheels will drop below the specification

limits, and the wheels made therefrom will be bad so-

far as their acceptance by the railroads is concerned.

If one such wheel among a lot of a hundred is found

by the inspector, he will reject the whole lut even

though the other ninety and nine might be known to

be all right in every way.

Cupola melting of iron is simple until you gi\'e per-

sonal attention to the actual running of a cupola and

try to produce accurate results as to temperature, com-

position, chill, strength, shrinkage, etc, in any given

kind of castings. Some varied experiments mav be of

interest.

Cupola .\. Sand Iwttom to charging door, 17 ft.:

diameter straight lining. 45 in. ; diameter of melting

zone. 38 in. Cupola started with 1500 lb. bed coke for

1500 lb. first iron charge. This was varied to 1800 lb.

bed coke and 2000 lb. first iron charge but good, very

hot, iron was not obtained under good control until

the bed cc)ke was made 2000 lb. and the first iron

charge increased to more than double this or 4400 lbs.

Afterwards it was common practice to take out of this

cupola at each heat four dififerent mixtures varving

in silicon from .75 per cent to 2.50 per cent. Although

no extra coke was used to divide them, the four mix-

tures were produced each day, with the desired dif-

ferences in composition and separated from each

other.

Cupola R. Diameter \aried from 48 in. to 69 in.

and depth from charging door to sand bottom was 9
ft. 6 in. Weight of pig iron was taken by considering

an average weight for the pigs and making up the.

charges by counting them. Weight of the scrap was

left entirely to the guess of the head charger.
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Charges were supposed to be 45tx) lbs. each and

were so shown on the records, but on checking up

the work being done, and allowing 50 lbs. as the aver-

age load carried each trip oi the men from the scrap

pile to the cupi>la. it was found that the charges would

vary from 3500 lbs. to 4200 lbs. The coke was forked

into the cupola tmtil it reached a measured distance

from the charging door. At 25 lbs. per fork found

that the total bed coke would amount to 3400 lbs.

After taking up melting on the chemical basis these

conditions were changed.

Cupola C. Making very thin and small special cast-

ings requiring very hot iron of uniform composition.

Cupola was 50 in. diameter and 14 ft. in depth. Coke

and iron charged in barrows. At one time they found

the average barrow load of coke to weigh 120 lbs., so

this was still being used to determine quantities

charged. When on hand to check up the actual con-

ditions was told by the man in charge that the bed

coke each day consisted of 1800 lbs., made up from 15

wheelbarrow loads. W'eighing all barrow loads dis-

covered that the total bed actually weighed 26no lbs.

Upon this was put iron charge of 2500 lbs. Single

charges of coke varied throughout the heat from 3'

j

to 5 barrow loads. The product varied in c|uality with

the "luck" which the\' had in striking the right con-

ditions. Todav this shop is securing very hot iron of

uniform quality continuously.

Cupola D. ^faking special cliilled work. Melting

rate was too slow for the enlarged shop. Cupola 58

in. diameter. With single charges of 4000 lbs. each

the output was 8.5 tons per hour. Increasing the

charges of coke and iron, but reducing the then coke

charge gave a melting rate of 9.5 tons obtained per

hour. Thus hotter iron of more uniform composition

was obtained, at an increased rate of i ton more per

hour. The best results were obtained with the iron

charges amounting to 7000 lbs. each. It will be well to

say here that the character of the raw materials, the

diameter of the cupola, and means for mixing the iron

after it is melted, must be considered in determining

the size and weight of the iron charges.

Referring again to conditions similar to Cupola P.

given above, I will state that where any attempt is

made to make up the charges by weight the proceeding

is usually somewhat as follows : Scrap, and the iron

by brands, are taken up an incline in wheelbarrows.

and piled in the charging room. From these the

charges are made up piecemeal on a scale too small to

hold a complete charge, and the assembled char.ge is

again piled on the charging floor. Once more this

metal is handled and thrown into the cupola through a

door that is above the waist line of the men. Alto-

gether the metal composing the charge is handled five

times at least.

The coke is also taken into the charging room by

barrows and from the piles thus formed is charged

by wire, or solid metal basket, or by fork. It is a com-

mon thing to find records being kept that show 45 lbs.

as the basket load when 40 lbs. is correct, or vice

versa, and 18 lbs. to the fork when 25 lbs. should be

the weight shown.

The blower and the fan. Here is the case of a shop

melting 400 tons per day. The shop had been in-

creased so that the requirements were beyond the

capacity of the power plant, and it was necessary to

enlarge the latter or conserve energy at some point.

The No. 10 fan was thrown out and a blower put in its

place, with the result of saving 35 h. p. and still being

capable of doing more than was being accomplished

with the fan. There is another case of a continuous

shop driving fans to their fullest capacity, and having

considerable trouble to keep belts on them. Here the

blow^er saved over 30 h. p. besides removing all belt

troubles.

To accomplish the best results, the mi.xing by chem-

ical analysis is not merely the province of a chemist.

.\s a matter of fact, where the chemist is only a

chemist and not a foundryman, and no one else in the

shop is acquainted with chemistry or metallurgy, the

chances for definite improvement are doubtful.

This will account for the sad experiences of some

few of the foundrvmen in this district. There is in

mind one proprietor in particular who claims that the

entry of a chemist into his foundry cost him $10,000.

Where the chemist, who is also an experienced foun-

drvman. has not the co-operation and assistance of

the officials and those in direct charge of the cupola

and foundry, the results from mixing by chemical

analysis will be negative. The chemistry part of it

bears about the same relation to the results that the

bookkeeping in the establishment bears to the profits

at the end of the year,

.\gain, the chemical analysis of the materials may be

perfect, and the weighing of the charges may be

accurate, yet the resulting metal from the cupola may

be made almost worthless in the operation of melting.

Or if these things are carried on as they should be.

still the castings may be had from the way the metal

is handled and poured, and in special cases in the man-

ner of cooling or shaking out, or in the annealing of

the castings.

To the practical chemist and metallurgist the

"brands" of iron, as brands, mean nothing except as

the name stands for composition and structure. Not-

withstanding demonstrated facts which disprove the

following claims, it is not an uncommon thing to hear

foundrymen express themselves as follows : "Don't

the steel go into the sand bottom?" "Don't stove

plate go up the stack or out with slag?" "We have to

have charcoal iron in our castings in order to .get the

dull and strength." "Nothing will close up the grain

in cylinder castings like old car wheels." And so it

goes with the foundrymen visiting conventions, listen-

ing to and reading the educational papers, still cling-

ing to the ways of the past century. It does not make

anv difference what kind of castings you are making

you cannot today get away from the benefits derived

from chemistry and metallurgy, and generally better

castings at lower cost will be made by employing these
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in jour foundry. Blast furnace practice is not what it analysis indicating just what the minimum amount

was twenty years ago. In those days if the silicon of iron would have to be composed of to dilute the

percentage dropped a given number of points the elements which were too high and what to make up

chemist on the particular furnace output could know for those elements which were too low, in the stock

that there would be an increase in the sulphur con- already on hand.

tent and almost what the percentage would be. A Advancement in any branch of the iron industry

few years later the same blast furnaces were making moves in two lines generally parallel to each other

low silicon iron containing lower sulphur than was though often converging, the one scientific and the

thought possible from coke iron furnaces.

Whether making stove plate or ordinar\- machine ^ ^ . r--,- ,, c 1 1 t>i- 1° *^ - lest piece. Silicon. Manganese. Sulphur. Phosphorus.
castings, automobile cylinders, semi-steel castings, or No. 1 2.39 .57 .088 .632

any other kind, after once determining the composi- -^"i
2.... -.3b .08 .076 .612

.

a tr Same plant, same kind of castnigs, one year later.

tion and at what temperature the best of these has No. 1 2.2-5 .53 .074 .636

been made, the desire should be to duplicate them ^°- ^ '^'^^
^ /^*^». ^ •??' ,- ,

^•^?'^

^ . Foundrj' No. 2. Conihmea Carbon,
contmuously. lou cannot be confident of duphcatmg No. 1 ')o .53 .61

castings today in and out. and take advantage of the ^^° -, j- fj -^^

,, , . . J r , •, , • No. 3 -54 .51 , .60
market changes m iron and fuel, without chemistry Same plant, same chilled work, several months later

and metallurg\^ No- 1 49 ..57 .60

Tj . ^,
*'

, . - . .
, , ,

No. 2 -55 .64 .-54

Here is the analysis ot six pigs taken trom the same No. 3 -55 ,49 .58

car load of a well known brand of iron : Silicon, .87, Foundry No. 3.

^ ,0 r; No. 1 2.-54 .46 .070 .720
.99, 1.62. 1.70, 1.79, and 1.82 per cent. Chemistry Xo. 2 2.44 .49 .080 .690

obtained a rebate on this iron, enabled the foundry to Same plant, same kind castings, one year latter.

use it without loss of ca.stings and prevented future j^tq' 2.. 932 49 074 .780

shipments of such mixed iron from the same source

to this foundry. Without chemistry the resulting bad
°*'''='' Practical. With cupola melting considered so

castings would have been charged to the coke first, and '""^'^ *^^ ^'">' '"^" ^"^'^ "" ^''''' hundred dollars can

if that was found not guiltv then to anvthing but this
''"^^^^ "^ ^'^^ business with hope ot reward, and with

particular brand of iron which had been used there- ''"f'°^^ P""^^'^'^'^ '" *^ ^'^^^^•'^ condition in which we

tofore without loss of castings attributable to it.
^"^ '^ t^^''^^ '" ^^^" '"^">' «* *^ ^^'^^ toundries,

Knowing these things and that there are fre.iuentlv
advancement m economical melting along either scien-

even greater variations in analysis between dittere.it
''^^ "' practical lines needs necessity to give it move-

car loads of the same brand of iron, it is not difficult
"^^"t-

to realize the lack of uniformity in the castings pro-
Innidamentally, the small manutacturer cannot take

duced where several hundred car loads of iron are
^d^a"tage of, and the large one will not introduce, the

thrown together in one pile. When a number of such
^^^^'* methods attecting economies or a higher stand-

piles are found on the property of concerns
(
generally

^,''^- '^'^'"'"^^ °"^ ^>' ^'^^ application ot science to prac-

favorable to scientific methods) the marvel increases. ^ purposes.

To be successful, mixing by chemical analvsis must
^^'^^^"^ '^"'" -^0"'-"^<'e the time to give the application

be supplementarv to that experience which is familiar
"^ "^''" '"^thods the personal attention they require

with general cupola practice and the effect on the re-
''"'^ deserve. Foundrymen will run after some new

suits desired, of every operation from the raw ma-
""Pavement in cupola design, or the suggestion for

terials to the loading of the finished castings for ship-
^''ia"&es in the size and weight ot the iron and fuel

ment. Given the chemical analvsis and applying the
^^'^arges, when the same amount of time and personal

personal attention, many foundrymen might work out
=^"ention given to the devices and materials they now

the results themselves. System "in the laboratorv has
^'""^'^ '™"'^ >'^'^ '^'S^ '"^^"''"^ '" economies to be

brought the cost of analysis within the reach of' even
^'^^^^ ^'' ^'^^ P™^'^ ^^ *'^^ *^"^ °^ the year.

the smallest foundry. :

As indicating what is being accomplished, attention The county of Welland and adjoining county of
is called to the analysis of test pieces from three Haliniond furnish most of the natural gas in the Prov-
plants in different parts of the country, shown in ince of Ontario, Canada. There are about 500 pro-
Table I. ducing wells, some of which furnish 1,500,000 cu. ft.

While maintaining this uniformity the castings are daily. The depth of the wells range from 550 to 5,000
being produced at lower mixture cost than before and ft. Prices for gas are 15 to 45 cts. per 1,000 ft., ac-
the casting losses chargeable to the metal are reduced cording to quantity used. Gas is piped to Hamilton,
to a minimum. One more point is that of a com- Niagara Falls, Ontario, and as far west as Brant ford
pany which at the beginning of the financial depres- and Paris. Farmers and country villages are sup-
sion found itself with several hundred tons of iron on plied at retail prices, while ironworks, smelting
hand not suitable for the castings to be made. Bnsi- works, and other manufactories in Welland are sup-
ness policy dictated buying as little iron as possible at plied at wholesale rates. It is estimated that over
that time and this was accomplished by the chemical 30,000,000 ft. are produced daily in this district.
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NOTES AND COMMENTS.

Industrial Chemistry and Industrial Fellowship.

We piibli-shed in the ^[arch Chemical Engineer

an excerpt from the address by Dr. Duncan on the re-

lation between chemistry and manufacture in America.

The article is an admirable one and calls attention to

many of the faults in our present arrangement. It also

points out remedies for some of these failures. It

seems to the writer, however, that Dr. Duncan fails

to make one point which is fundamental in the collation

of chemistr}' and manufacture in any country. That

is, that there must be men handling the process who
have at least a working knowledge of both chemistry

and engineering. No process can be transplanted from

the laboratories to the factory without engineering

difficulties intervening. It is on account of this lack in

engineering training on die part of our industri'al

chemists that we have such a high death rate among
our young and tender chemical plants. The research

chemist, however admirable he may be in his own
field, is too frequently not familiar with modern en-

gineering practice and fails entirely to grasp the rela-

tion between plant construction and the success of the

industry. The design of the plant is too many times

left to someone who does not know the requirements

and the operation of the plant ; too often this is an

architect, a civil or a mechanical engineer who does

not have the intimate knowledge required to bring

about the proper sequence of the chemical operations.

The most skilled research of the best chemist is a

failure if his results are placed in untrained hands for

execution.

Dr. Duncan's fellowships are admirable in concep-

tion hut tix) often the residts attained under them de-

])en(l (in securing properly trained men to carry on the

work. It is the writer's opinion that the fundamental

training of these inen is of at least if not more im-

portance than the proper provision for other research.

This is pointed out very clearly by Prof. Whitaker by

his remarks at the conclusion of Dr. Duncan's paper.

Me says in part : "One of the most nnportant things to

be considered in the education of the chemists for

manufacturers is the fundamental education.

"Equally important and essential to the young chem-

ist in making himself indispensable to the manager is

a knowledge of certain other subjects, such as works

equipment, works organization, works labor, and

works economics.

"The margin between a profit and a loss in a chem-

ical manufacture is often very small and no matter

how perfectly the chemical reaction may be developed,

a poorlv equipped works may convert it into a losing

venture. Again, a losing chemical process may be, and

often is, converted into a dividend-payer by improving

and developing the organization for its execution."'

Dr. Duncan's remarks on the question of the in-

structor in chemistry engaged in industrial or com-

mercial work seem to the writer to be based on an er-

roneous conception of what this work usually

amounts to.

A somewhat wide acquaintance with the men en-

gaged in teaching- chemical engineering and industrial

chemistry would lead the writer to make the state-

ment that the live wires in the profession are just the

men who have extensive outside interests and that it is

these direct commercial interests which keep them

keenly alive to the conditions and opportunities in the

field of industrial chemistry. In so far as the work

of these men "taking the bread out of the mouths of

their professional brethren," the writer has never

heard any complaint about this. The work done by

the instructor is generally of such a nature and needs

such an equipment that a commercial chemist is very

glad to escape from the necessity of doing it. As to

the securing of remuneration, these men usually de-

mand and receive higher pay for their work than

the commercial chemist so that the work comes to

them as a matter of selection not of cost.

The industrial fellowships of Dr. Duncan fill a need

in the chemical industries when the industry is not

large enough to maintain a properly equipped research

laboratory for its own coinpetcnt chief chemist. The

writer believes, however, that the large companies with

their own force and laboratory under their own super-

vision are receiving the service much more often than

they could obtain it in any other way. They also have

the satisfaction of knowing that the results attained
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are their private property. In the nature of the case

no college or university could maintain such a labora-

tory for special processes as those maintained by some

of our largest industries. With all this in mind, how-

ever, the writer knows that in some very large indus-

tries the research work is as Dr. Duncan says, a fail-

ure; primarily on account of incompetent direction.

He cannot say, however, where the establishment of

industrial fellowships will make the executives of any

corporation infallible in the selection of the proper

chemist to direct their research work.

Dr. Schott Visits America.

The chemists of America have rejoiced recently in

the visit which Dr. Schott of the firm of Schott &

Genossen, has been making this country. Dr. Schott

and his wife are now on a combined business and

pleasure trip through the United States, and it has

been the good fortune of the chemists of Chicago to

have recently entertained the Doctor and his wife and

to have heard from him an account of the founding of

the great German Glass Works bearing his name. The

account of his early failures and success is certainly

an inspiring one to the young chemists of today. No

one could have met and overcome greater difficulties

than those under which he labored during the begin-

ning of his industry. The present success of the firm

bears witness to the successful termination of the

early research work as well as to the business ability

of the men conducting the industry.

THE CHEMISTS' BUILDING, NEW YORK
CITY.

The Chemists' Buildmg, which was inaugurated on

March 17th at 50-54 East 41st Street, New York City.

is believed to be the first of its kind in the world. It

combines the features of a first-class club, including

restaurant and members' bedrooms, with finely

equipped laboratories for analytical and consulting

chemists and for investigators in pure and applied

science, not to speak of a carefully planned scientific

lecture-room, a large library and scientific museum.

The building occupies 56x100 feet and cost upwards

of half a million dollars. The ground floor is devoted

to a public entrance hall, as well as to the general

foyer of the club, back of which is found the lecture-

room, decorated in classic design, whose lecture plat-

form is fully equipped for chemical demonstration.

The next story contains the social room and restaurant.

and above this are the library, the museum and tlie

trustees' room, and two floors devoted to bedrooms.

The five laboratory floors are arranged in such a man-

ner that each laboratory has light on at least two sides.

and has its own ventilating ducts and mains for the

supply of gas. water, electricity, steam, compressed air.

and suction. The floors are fire, water and acid proof,

and nothing has been omitted which is found in the

best-devised scientific laboratories of educational in-

stitutions.

The building is owned by a stock company, whose

shares have been taken by prominent chemists and by

individual manufacturers and companies whose busi-

ness largely depends upon chemical process, and who

have realized that industrial progress depends upon

scientific research. While it is expected that the build-

ing will be more than self-supporting, the sharehold-

ers limit themselves to 3 per cent dividends, all sur-

plus to be devoted to the betterment of the building

and to the ultimate benefit of the science. The Direct-

ors of the Corporation are Dr. Morris Loeb, formerly

Professor at New York University; Dr. Charles F.

Chandler. Emeritus Professor of Columbia University ;

Mr. -\lbert Plaut. of Lehn & Fink; Mr. William H.

Nichols. Jr., of the General Chemical Company, and

Dr. Leo H. P.aekeland, of the General Bakelite Com-

pany. Messrs. York & Sawyer are the architects and

^lessrs. Marks & \\'oodwell the consulting engineers of

the building, which was erected by the W. L. Crow

Construction Company; Charles L. Eidlitz & Co. are

the electrical, and Evans, Almirall & Co. the heating

contractors ; the Otis Company furnished the elevators

and Black & Boyd the lighting fixtures.

The chief tenant is the Chemists" Club, which occu-

pies the lower half of the building. The five laboratory

floors were nearly all let before their completion, some

of the tenants being Professor E. E. Smith, Professor

Morris Loeb, Dr. William M. Grosvenor, Mr. Oscar

L. Palmenberg, Messrs. Eimer & Amend, Mr. S. R.

Morey, the Scientific Station for Pure Products,

Messrs. York & Sawyer.

The Chemists' Qub is a social organization, whose

president is Dr. R. W. Moore. It was founded twelve

years ago to provide opportunities for social inter-

course to its own members and a meeting-place for the

New York Section of the American Chemical Society,

and before taking new quarters in the Chemical Build-

ing, occupied the old Mendelssohn Glee Club room on

West 55th St., New York. It has recently grown very

fast, and the number of professional chemists has

nearly quadrupled in the past 20 years in this vicinity.

The American Chemical Society has a larger inember-

ship than any similar society elsewhere, and there also

flourish the Society of Chemical Industry, the Ameri-

can Electrochemical Society and the Institute of

Chemical Engineers, all of which held frequent meet-

ings in the hall of the Chemists' Club and which mi-

grated with it to the new building.

To express the manifold purposes to which the

structure is to be devoted, an elaborate program was

arranged for the opening exercises, extending from

March 17th to March 19th. At the opening exer-

cises on March 17 the speakers included Dr. Edward

S. Morley, as Honorary President of the approach-

ing Eighth International Congress of .\pplied Chem-

istry ; Professor Alexander Smith, as President of

the American Chemical Society ; Professor William

H. Walker, President of the American Electrochem-

ical Society ; Professor Wilder D. Bancroft, of Cor-

nell University, and Professor Frank W. Clarke, of

the United States Geological Survey. At the conclu-
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sion ot the addresses Ur. R. W. Moore accepted the

keys of the clubroonis on behalf of the Chemists'

Club.

BOOKS RECEIVED.

riic Corrosion and Preservation of Iron and Steel.

By Allerton S. Cushman and Henry A. Gardner.

McGraw-Hill Book Co., New York.

A publication which is of interest to the engineer

and practical chemist alike is the "Corrosion and Pres-

ervation of Iron and Steel,"' by Dr. Allerton S. Cush-

man and Mr. Henry A. Gardner. Both authors have

contributed so much to the current literature of recent

years regarding these matters, that the book will be

welcomed by all who are interested in this field. Dr.

Cushman has long been a prominent worker in in-

vestigations of the natural influences which produce

oxidation of iron and steel, and he has done much to-

ward the conservation of these valuable materials by

his excellent studies of the prevention of rust fc)rma-

tion. ^Ir. Gardner, on the other hand, has been very

active in the study of paints and pigments, and no

one is better fitted to write on these matters than he is.

Some of the material which makes up the book has

previously appeared in bulletins and magazine articles

written by one or the other of the authors, and some

has been already published in committee reports of

various technical societies. Nevertheless there is

much that is new, and great pains have been taken to

explain the many laws and principles of physical

chemistry that underlie corrosive action. In the In-

troduction it is stated that one of the objects of the

work is to treat these matters in such a manner as to

render them clear to manufacturers, engineers, metal-

lurgists, and others who are not familiar with the

theories involved. The difficulties arising from an

attempt to attain this end are plain to any student of

the subject, but in the main very good results have

been attained for a work of this size. In a few in-

stances, however—and especially in quotations from

other authors, with which the book is replete—ma-

terial has been brought out which will not be com-

prehensible to those who have not made an extended

study of physical chemistrv, and in such cases a little

further explanation might profitably have been ap-

pended. In most cases, where such added explana-

tion would have proven too bulky to include in this

trief work, all mention of the matter involved might

probably have been omitted without lessening the

value of the book to the majority of readers. For

example, in the fifth chapter a quotation from Walker

IS included, which mentions the silver voltmeter and

Ostwald's bromide voltameter. It is hardly to be

expected that the practical man, aside from a few en-

gaged in electrical work, is familiar with an ap-

paratus of this nature, which finds so little applica-

tion outside the research laboratory.

In other instances analogies have been drawn be-

tween the phenomena involved in corrosion and cer-

tain common phenomena familiar to all practical men,

for the purpose of making more plain the various

theories which are expounded. This practice may be

useful at times, but it is likely to produce undesirable

results, and false impressions are likely to be brought

about in the minds of the uninitiated, which no amount
of further explanation will succeed in removing. The
unwary beginner in the study of a theory is oftentimes

led to extremes in the application of such similes, by

his enthusiasm. For example, on page 14, the "driv-

ing force" of solution pressure or solution tension is

said to be exactly analogous to steam pressure in a

boiler, and further on it is stated that as the rising

steam pressure tends to resist further evaporation of

the water, so the growing number of free particles

entering into solution produce a back pressure which

tends to resist the entrance of more. The use of this

particular example might be excused on the ground

that Arrhenious, the father of the electrolytic theory,

made use of it also, and that numerous authors have

since done likewise. Still, the false impression may
be formed in the mind of the beginner that the walls

of a vessel of water into which a mass of metal is

introduced, are instantly subjected to a bursting pres-

sure due to the solution pressure of the metal. Even

though the Helmholtz "double layer" idea be brought

out afterward, as is done in this work on page 27,

still there remains this unhappy impression, which

serves to puzzle the reader in his further study of ion

formation.

The first part of the book is given over to a dis-

cussion of the problems of corrosion, the various con-

ditions and influences which stimulate and inhibit cor-

rosive action, and the theories which have been ad-

vanced to explain the phenomena involved. While the

carbonic acid and the peroxide theories receive some

attention, greater stress is laid upon the electrolytic

theory, and in connection therewith a general exposi-

tion of the electrolytic dissociation theory of solu-

tion is given. The latter part of the book deals with

paints and pigments and preservative measures in

general. This portion of the book is written in a very

practical way and no user of paints can peruse it

w ith<iut obtaining many valuable ideas.

Considered by chapters, in the order in which they

appear, the contents of the book are as follows

:

Chapter I treats of the corrosion problem in general,

and the more common causes of rust formation.

Chapter II gives a very good explanation of the elec-

trolytic dissociation theory of solution, which could

hardly be improved upon except perhaps by the intro-

duction of a paragraph on the law of mass action and

its application to the explanation of hydrolysis. With

this addition the theory of indicators might have been

brought out more clearly than has been accomplished,

by further applying the law of mass action in this

explanation. However it is hardly to be expected

that these matters could be treated in an exhaustive

manner in a work of this size. Chapter III deals

with the various theories of corrosion, and gives an
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outline of the evidence which is at hand to prove and

disprove each one of them. In connection with these

matters the very excellent work of one of the authors

with the "ferroxyl reagent" is described at some

length. Chapter IV treats of the application of the

electrolytic theory to the rusting of iron. If, after

the third chapter, there still remains any doubt in the

reader's mind as to the strength of the author's con-

tention in favor of the application of this theory to

rust formation, all such doubt is removed by the

fourth chapter. The influence of the constituents of

iron and steel on their corrodibility, and the effects

of heat treatment on the corrodibility of the product

are also given in this chapter. Chapter V deals with

inhibition and stimulation of corrosion and the va-

rious factors entering into each of these actions.

Chapter VI is taken up with the practical application

of some of the principles which are brought out in the

preceding chapters, and gives a detailed description of

the methods of manufacturing galvanized iron, to-

gether with an account of various tests of galvanized

iron and tin plate materials.

In Chapter VII the question of pigments is taken

up, and the tests conducted by the American Society

for Testing Materials on the inhibitive action of pig-

ments are described. Chapter VIII describes the field

tests of paints made at Atlantic City by the same

society, in conjunction with the Paint Manufacturers'

Association. In Chapter IX special paints are dis-

cussed, especially bituminous paints, while Chapter X
takes up acceleration tests of paints, and the design of

special paints, several formulas being given for the

composition of inhibitive mixtures. Chapters XI and

XII give a very good discussion of the properties of

jMgments and paiiu vehicles, including a description of

the various tlesirable and undesirable properties of

]3aint materials. The processes of manufacture of the

more important pigments and vehicles are also de-

scribed in these closing chapters, including several that

are used for the painting of materials other than iron

and steel. The remainder of the book. ccMisisting of

nearly one hundred pages, is taken uj? by an extract

from the Transactions of the American Institute of

Mining Engineers on the corrosion of the water jackets

of copper blast furnaces, and by the com])lete bibli-

ography of metal corrosion and protection which wa>

issued by the Carnegie Library in July. 1909.

Taken as a whole the book is altogether the best

work on this important and involved subject that has

been issued thus far, and may be read with much profit

by all those who wish to be well informed along these

lines.

C. L. PARKER
Solicitor of

CHEMICAL PATENTS
Now York

Rooms 829-830, 2 Rector St.
Suite 46 McGllI BuildlnS

Washington. D. C.

AUTOMATIC

WATER
STILL

A serviceable gas distil-

ling apparatus.

Capacity 1-2 to 9-10

gallons per hour.

Cost per gallon 2.5 to

3 cents.

The Booth Apparatus Co.

Dillaye Building

Syracuse, New York
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THE ENGINEERING SCHOOL GRADUATE:
HIS STRENGTH AND HIS WEAKNESS.-

By HENRY P. TALBOT.f

So much has been written and spoken of late con-

cerning the success or failure of the various engineer-

ing courses in our schools of technology that a rea-

son should be offered for the introduction of this topic

at this time. It is to be found, I think, in the general

and increasing interest in these matters which is lead-

ing the practicing engineers, the manufacturers, the

men of affairs, in short, the consumers of the product

of the engineering schools, to examine and evaluate

the work of these schools. This interest has voiced it-

self more and more freely in the daily press, the engi-

neering journals, and the occasional address. Some

of the comments thus made are harshly critical, some

are based upon sadly insufficient knowledge of exist-

ing conditions, but many are sane and helpful. It is

the duty of those of us who are charged with the con-

duct of these courses to give heed to these utterances

and to avail ourselves of the helpful counsel which

many afford ; but it is also a privilege which we may
sometimes allow ourselves to present the case as it ap-

pears to us, and this anniversary occasion seems to

suggest both retrospection and introspection.

The complexity of the educational problem is no-

where greater to-day than in the training of the engi-

neer, using that term in a broad sense to include the

man who applies his science to concrete ends, whether

he be, for example, civil engineer, research chemist or

field geologist. The boundaries of all the sciences

have been extended at a rate which has far outstripped

any reasonable alteration of educational methods to

meet these changing conditions ; for, over against the

charge of undue conservatism which is commonly
made with respect to educational practice, should be

placed the fact that seven years is the minimum period

which must elapse before the ultimate success or fail-

ure of an educational experiment can be determined,

and since the remodeling of a course or system of

instruction to utilize successfully such of the new ac-

quired knowledge as it is possible to include must of-

ten be the result of gradually accumulated experience,

it is plain that rapid and frequent alterations are both

tProfe.ssor of Inorganic and Analytical Chemistry, Ma.'ssachu-
sett.s Institute of Technology. Boston.

•Paper presented before the Congress of Technology at the
50th Anniversary of the Granting of the Charter of the Massa-
chusetts Institute of Technology.

unwise and unprofitable. Such advances in scientific

knowledge, as for example, those relating to wireless

telegraphy, the turbine engine, or aeroplanes, which

are of such immediate significance as to seem to im-

peratively demand a place in our courses of instruc-

tion, cannot be allowed to displace other older topics

of permanent importance, and in many cases these

later developments of science are based upon abstruse

principles, the proper teaching of which in turn de-

mands much time.

The educational problem has moreover been ren-

dered more difficult of solution by the concomitant

increase in the number of men to be educated. It is

no longer possible to give to the undergraduate that

measure of personal attention from a mature teacher,

of strong personality, which characterized successful

teaching in the young manhood of our fathers, and

resulted in the production of what may be termed

"hand-made engineers." Aind, again, the increased

ease with which our young men can now obtain edu-

cational advantages is sending to our schools a much
larger proportion of students who, while they are

earnest to a high degree and constitute a most desir-

able class of pupils, have not descended through gen-

erations of ancestors with scholarly or scientific in-

stincts, and have not been surrounded by an atmos-

phere which is at all closely in harmony with that of

the lecture room or laboratory. That most of these

young men meet with success is the more to their

credit ; that some others meet with only measurable

success in the scientific professions, and that distinct

limitations, both professional and social, manifest

themselves in the post-graduate development of some,

is not surprising ; but the cause is often mistakenly

ascribed to faulty educational method when in truth it

is far more a question of raw material than of manu-
facturing process.

The product of the engineering schools has not

escaped the universal demand that all products should

advance in quality without increase in cost, which, in

this instance, means with little or no increase in time

expenditure. One needs only to review the conditions

of the last quarter century to realize that an extraordi-

nary change has taken place in the position of the

engineer in the comnuinity. None of the older pro-

fessions have been called upon to face such kaleidos-

copic conditions and it is not strange that there should

be a dearth of men immediately adapted to meet the

altered situation, or that manv should be found to be
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partially lacking in the extremely composite training

which would lead to complete command of the field.

It may not be irrelevant to ask whether the so-called

learned professions, so long regarded as superior to

the engineering professions, would have fared distinct-

ly better under a like extreme test.

The wholly successful engineer of the day (I do not

speak now of the recent graduate ) must be a man pos-

sessing a capacity for logical, quick and exact thought

;

a detailed knowledge of some portion and a broad

knowledge of the whole of his professional field ;
and

be master of a certain amount of the technique of his

profession. He must have the ability to select and

guide competent and trustworthy associates and to ob-

tain from them loyal and willing service. He must be

strong in his sympathies and generous in his public

services, and while quick to enlist desired interest in

his enterprises he must be shrewd in detecting avarice

or perfidy. He should be a loyal husband and father,

and should find opportunity for that enjoyment of art

and literature which wnll afiford him present pleasure

and ensure the happiness of advanced years. It is a

matter for sincere rejoicing that the engineering pro-

fession has reached such a commanding position in

our national life that only a man of this type can com-

pletely fill it : but the imperfect portrait just drawn is

evidently that of a man for whom Nature must have

done much at the start, and toward whose efficiency

many elements must have contributed. Of the need

of such men there is no doubt, and it becomes a ques-

tion of paramount importance to ask how far the engi-

neering schools, as such, or, indeed, how far our en-

tire educational machinery can contriliute to the de-

sired end. The most obvious function of the engi-

neering school is to afford a fundamental knowledge

and understanding of the principles of the sciences

underlying engineering operations. Failure to do this

seems to be without excuse, yet it is almost inseparable

from another important function, namely, the develop-

ment of the power to think (for there can be no ade-

quate understanding of principles unless one can think

logically in terms of them when considering concrete

problems), and it is just at this point that much of the

current criticism is aimed. The candid teacher must

admit that there is truth in the charge that the gradu-

ates are too often lacking both in a capacity for logical

thought and in an ability to command the knowledge
which they actually possess to the degree needful for

immediate or perhaps ultimate success in their voca-

tion. But it should not be supposed that he is indif-

ferent to this state of affairs. It is within bounds to

say that it is the supreme desire of everv worthy
teacher to encourage power of thought rather than

mere acquisition of knowledge on the part of his pupils

and that he is constantly devising and testing new
means to that end, but a moment's consideration will

show you how much this depends upon personal con-

tact—now so difficult in even the smallest practicable

subdivisions of large classes—and will convince vou

that there must also be constant conflict of judgment

as between the extent of the field to be covered in a

given subject (rarely more than the minimum quantity

nowadays) and the tiine which can properly be spent

in that drill which is necessary to develop the powers

of the average student ; for it is against the average

student that the criticism is most valid. I do not

make these statements to condone the conditions but

rather to show you that the teachers recognize them,

deplore them, and are striving against them, but the

contest is an unequal one, at best.

Let it be remembered, moreover, that some respon-

sibility for these conditions rests upon our public

school system, and also that the sort of thinking which

the engineering professions demand is of a kind w'hich

is more exacting than is essential in the more com-

mon vocations, and that no system ot education has

yet succeeded in training a large proportion of exact

thinkers, however much such a result is to be striven

for. Let us also admit for our encouragement that,

after all, there is a considerable proportion of our

engineering graduates who can use their brains efifect-

ively and do have their knowledge in available form,

and my observation leads me to believe that there is a

much larger proportion who appear deficient in these

respects at graduation who develop unexpected power

when they have opportunity to concentrate their efforts

in a more limited field. Remember that many of these

youths have been in some sort of educational training

for a continuous period of 15 to 17 years, during which

there has been a constant (but sometimes unwise) in-

crease in the pressure put upon them to cover more

ground. Is it strange that they have lacked an oppor-

tunity to sort their immense stock, or to become fa-

miliar with it? They are, I think, entitled to charitable

consideration for a time after entering their vocation,

but if as a class they are deficient after three years,

the criticism of them or of their training certainly be-

comes valid.

The public has a right to look to the engineering

schools for sound instruction in fundamentals includ-

ing, of course, physics and chemistry, as well as the

mathematics and drawing which must form a part of

the equipment of every competent engineer. In addi-

tion, they may demand that the fundamental princi-

ples and something of the techinque of those subjects

which are of general application within a given pro-

fession shall be thoroughly taught, and that this shall

be done with reference to development of power and
the inculcation of useful habits, rather than the mere
acquisition of information. While this is a demand
which no engineering school would desire to evade,

let us recognize that it is, of itself, no light task to

accomplish.

But in our epitome of the distinctlv successful en-

gineer of maturer years was included breadth of

knowledge within and without his profession, the

quality of leadership, which means power of imitation

and a knowledge of men, and the abilitv and inclina-
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tioii to fulrill the rcquirciiuiits of good citizenship. Are

the graduates from the engineering schools, as a class,

in line to develop thus symmetrically? Let us admit

again that many are not and that that is the occasion

of the general charge of "narrowness" and inadequacy

which is directed against our courses. But here again

I venture to assert, not however in a spirit of com-

placency—that the situation is more complex than is

generally admitted, and that there is a good deal that

is encouraging in the situation. Recall once more how

short a time it is since the engineer has occupied a

position in the community which is recognized to be

of equal dignity with that of the so-called learned

professions, and recall how recent is that evolution of

our industrial system, which has as its most important

feature the recognition of the fact that the engineer

and the financier, if not combined in the same in-

dividual, must be on a parity with respect to influence

and authority if efificiency—the watchword of the hour

—is to result. Is there not cause for congratulation

that some have been found in the engineering ranks

capable of meeting this surprising increase of respon-

sibility rather than ground on which to pronounce the

general result of engineering education a failure, as

some seem inclined to do?

It is well known that the Massachusetts Institute of

Technoiogv endeavors to stand today, as it has from

its beginning, for the largest measure of breadth of

training and education which is compatible with thor-

oughness of fundamental scientific instruction. An
inspection of its courses as prescribed for the various

professions shows, that, notwithstanding the pres-

sure resulting from the growth of science and tech-

nology about one-eighth of the total hours which a

student sjjends at the institute is devoted to subjects

which are cultural studies, using that term to dis-

tinguish them from those scientific subjects which may
be regarded as tools of trade, although many of these,

notably such as physics, chemistry, biology or moderii

languages, if properly taught, will contribute much to

the cultural development of the well-rounded engineer

and the useful citizen outside of his strictlv profes-

sional field. In this respect the institute has been a

pioneer in engineering education and its founders took

a position far in advance of the times. Nevertheless

the institute has not escaped the charge of narrowness

and this has sometimes come, alas, from some of her

own sons who were not over zealous in availing their.-

selves of the opportunities actually offered during their

student days. Alore specifically, as has already been

implied, it is charged that the graduates from engineer-

ing schools are not as a class showing themselves

capable of development into men who can occupy suc-

cessfully the commanding positions already described

;

and again the institute is not exempted. So far as this

charge relates to breadth of view within the profes-

sions it is the immediate and vital concern of these

schools. So far as it relates to those traits which go

to make up the accomplished man of aft'airs it is ser-

ious, and demands earnest attention, hut the remedies

are less obvious ; for these remedies must mean the

superimposing upon an already heavy burden a task

which should be begun in the home and largely com-

pleted there : a task, indeed, which no college has sat-

isfactorily met with respect to all of its professional or

non-professional graduates. So far as books can help

an added year of student life would seein to afford a

remedy and there has been much discussion of the de-

sirability of extending the undergraduate course to

five years, and of making the engineering schools the

graduate schools. The arguments cannot be repro-

duced here but it seems clear the added expense in-

curred and the increased age at which the young man
enters his life work militate seriously against the

adoption of either of these as a universal procedure.

For those to whom such opportunities are open they

are likely to prove of great value, and it is interesting

to note that each year seems to bring to the engineer-

ing schools a larger number of young men who have

already graduated from some college, and encourage-

ment is also to be found in the fact that more and more
of these men have planned their courses during their

college years with reference to later work in the techni-

cal school, a procedure which is much more to their

advantage than what Professor Jackson refers to as a

"butt-joint" between a general college course and a

later engineering course. It should also be remein-

bered that this is a recent educational development and

that these men have not been tried out.

One serious difficulty which technical schools are

encountering has been frequently referred to by recent

writers but deserves a mention here, namelv, that of

securing and holding broad, cultured teachers. Special-

ization has invaded the teaching profession, especially

in scientific lines where the mastery of any large field

of knowledge to a degree corresponding to the needs

of the expert is rarely possible. The specialist is apt

to use the microscope far oftener than the field glass

and this habit is partially reproduced in his students.

It is encouraging to note that certain schools are now
recognizing the need of men who are efficient teachers

with a broader outlook, to deal especially with the

younger men. They are recognizing that not every

eminent specialist or successful investigator is a suc-

cessful teacher, more particularly in this very matter

of breadth of view, and are leaving the specialists

greater opportunity for the presentation of their spe-

cialties to the older classes, while improving the in-

struction in the more general courses. It is obvious

that these difficulties are enchanced by the larger

financial rewards which temp the broad minded en-

gineer away from the schools—a serious matter which

cannot further be discussed here but lies close to the

root of much of the cause for criticism. It is interest-

ing to note how even a single instructor, of some en-

gineering experience, who keeps himself and his pupils

closely in touch with current events, and leads them to

understand that no single human attainment neces-
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sarily represents the best that can be done, and that it

mav well be the privilege and the duty of any one of

his hearers to extend the boundaries of such attain-

ment, will give an impetus to successful effort that

will be felt in the entire lives of his pupils. It is to

be hoped that no one of us is unable to recall with

gratitude some such instructor. We need more of

them. A single instructor, again, who exemplifies the

cultured scholar and gentleman in ease of manner and

grace of diction does more for the cause of scholar-

ship and culture than any quantity of sound advice

can do; for, I fear that it is Utopian to hope that a

majority of the students with whom the study of en-

gineering is their main purpose will ever believe that

any man is disinterestedly sincere in his advise regard-

ing such subjects as literature, language, art or econo-

mics, unless he makes it quite clear to them that these

subjects have a distinct significance to him and are a

part of his life. Just here lies one of the great ob-

stacles to the elimination of "narrowness."

If the inculcation of breadth of view and love of the

refined in life is difficult, the development of qualities

of leadership is even more so. That these qualities are

largely conferred at birth will, I suppose be generally

admitted, but I take it that the criticism of lack of

leadership is really directed toward an alleged cul-

pable lack of facility in getting the best from others, of

appreciating the point of view of others, or of present-

ing our own views to others. If this indicates a fail-

ure on our part to stir the ambitions of our students to

avail themselves of opportunities which come to them,

or to plan for themselves a really worthy career, then

we are at fault; but if it means that the faculties of

engineering schools should further encourage those

forms of activity commonly designated as "college

life," then I believe that we are on debatable ground.

Of the importance of those traits which enable a man
to win the confidence and respect of his fellowmen, to

"succeed" among men, no one could be more con-

scious than I. In individual cases they may indeed be

more potent factors than accuracy of scientific knowl-

edge in securing preferment, and any man is for-

tunate who combines engineering skill with ease of

manner and persuasive speech. But the real function

of these schools is, after all, the training of capable

engineers and it is very easy to pass the line beyond
which there is grave danger that both the quantity and
quality of individual attainment v.ill be lowered be-

cause of time and energies devoted to social affairs.

Let the schools realize by all- means, their responsibili-

ties for the development of men as well as engineers,

and encourage by precept and especially by example
an interest in all that tends toward a better under-
standing on the part of our studen*^s of their human
relations, including prudent encouragement of the so-

called "student activities." But let those who lack a

realization of the great changes which the student life

at our technical schools has already undergone in the

last few years, and who therefore constantly clamor

for more of what is called "college life," reflect that

one of the greatest assets which a graduate from one

of these schools can take with him when he leaves it

is the well-established habit of "doing a days' work in

a day." of meeting his obligations on time, and let

him realize that this cannot be reasonably demanded

if the instructors must in fairness accept excuses be-

cause of an undue diversion of time and energy to

other things. Although the sciences actually owe

many of their advances to "grinds," it is probably for-

tunate that few of our engineering graduates of today

belong to that class : but there is little likelihood of an

undue increase in the proportion of such over-de-

veloped scholars under existing conditions ! An im-

partial survey will, I believe, show that our resent

graduates are, as a body, less open to the charge of lack

of adaptabilitv, and want of social resources than for-

merly and that they are improving in this respect as

the need of such improvement is more generally re-

alized, and also that there is ground for the belief that

this has so far been accomplished without serious sacri-

fice of professional efficiency.

In what I have just said I have had in mind par-

ticularly the business and social relations of the young

engineer with his colleagues and superior officers. It

is often stated that some or many of the graduates also

lack an appreciation of the proper way to deal with

those whose labors they must direct. This, again, is

doubtless in some considerable measure true, and in

fact it can hardly be otherwise when nearly all of

these young men pass directly from the public schools

to the higher educational institutions. It is not, how-

ever, true that no effort is made to bring this phase of

their future responsibilities to their notice, for not

only is the subject discussed in its general aspects from

the lecture platform but the young men are advised

to secure summer employment as far as possible to the

end that they may learn to know industrial conditions.

In this connection I should like to point out to those

in control of our industrial establishments that there

is a large store of energy, combined with a desire for

opportunity to work and ability to render intelligent

and willing service, which goes to waste in the summer
because our students are unable to secure temporary

positions. This is particularly true in the industries

into which the men in whom I am especially interested,

the chemical engineers and chemists, will go, I am of

course aware, that the net return in value to a con-

cern from this temporary service is not relatively large,

especially during the first summer, and that in certain

industries there is a risk in trusting to the integrity

of these men with respect to information acquired re-

garding methods. But I cannot avoid the conviction

that if the industrial managers would co-operate with

the engineering schools in the consummation of an

arrangement whereby young men whose ability and

character could be vouched for could be given sum-

mer employment for two or three of the successive

summers intervening during the four years of study.



May, 1911. THE CHEMICAL ENGINEER 179

the concerns thus co-operating would actually find that

they would derive appreciable benefit from the plan.

That it would enable the schools to add at least fifty

per cent to their efficiency so far as these students are

concerned, I have no question whatever, and surely no

better means could be afforded for the acquisition of

a knowledge of the problem of the laborer in the

works. Let me add that I do not urge the placing of

these young men at once in positions of responsibility

but rather in such positions as will afford them work-

ing experience under industrial conditions. It seems

to me, however, that it is not improbable that say. in

a third summer the majority of such men might be

utilized to much advantage in the immediate direction

of specific processes or operations, they themselves act-

ing under general or specific direction.

Some of us are just now concerned to know how
with respect to chemical engineering we can give the

young men an opportunity to come into contact with

the actual practices of their profession before thev

leave the school, and the advisability of the equipment

of laboratories of chemical engineering is under care-

ful consideration. While it is no doubt true that,

from its nature, chemical engineering oft'ers less abun-

dant opportunities for industrial work during the va-

cation interval in a student's career than many other

professions, notably less than civil engineering, and at

the same time is a profession the actual practice of

which it is e.xceedingly difficult to reproduce in an

educational plant. I suspect that similar general condi-

tions exist in other lines. Here, again, is a problem

with no small dimensions or importance with which

we are wrestling, and one step toward its solution mav
be made through the greater co-operation on the side

of the industrial managers for which I have just ap-

pealed.

If I have dwelt more upon the alleged weaknesses of

the engineering school graduates than upon their

strength, it is because the latter is attested by the en-

gineering advance of the recent past to which they have

contributed to an extent which would not have been

possible had not the majority of them received from
the schools an education and training which has proved

useful, dependable and stimulating.

I believe that the large majority of the engineering-

school graduates are virile, intelligent, industrious fel-

lows, with sound habits of thought and great capacity

for work, ambitious to make the best of themselves,

possessing a sincere desire to acquit themselves honor-

ably both in private and public life and with an in-

creasing ability to do so. As such, we their instructors,

honor them, and ask your co-operation, advice and

encouragement in our efforts to give to them what they

deserve at our hands. We ask you also to recognize

that while for the moment the rapidly changing social

and industrial conditions may have outrun our ability

to adapt our educational practice to them we are not

lacking in an appreciation of the significance of these

changes or of our obligations for the future.

THE CHEMISTRY OF RAW SUGAR PRO-
DUCTION.-

By CHARLES A. BROWNE.

Few commodities of commerce have acquired so

wide and general an interest as sugar, and this interest

we find exemplified in many ways. It is shown best of

all perhaps in the large number of books and publica-

tions which have been written upon sugar. These

books, a collection of which in the Library of Con-

gress in Washington has been classified together in

one catalogue, constitute in themselves a large library

;

there are books upon the history of sugar, upon the

economics of sugar production, upon the agriculture

of sugar-producing plants, upon the manufacture,

technology and refining of sugar, upon the chemistrv

and analysis of sugar, upon the nutritive value of

sugar, upon the tariff laws and bounties regulating the

importation and exportation of sugar and so on and so

forth. The importance of sugar in the commercial

affairs of the world is so great that some economists

have used the per capita consumption of sugar as a

means of gauging the wealth and prosperity of a

nation. It may be interesting to note in passing that

the statistics of 1910 show the following consumption

of sugar per capita for several dift'erent countries dur-

ing the past year.

Pounds. Pounds.
England 86.30 Germany 43.45
United States 81.60 Norway 41.78
Denmark 77.7.5 France 37.80
Switzerland 64.10 Belgium 32.36
Sweden 53.90 Austria-Hungary 25.14
Holland 4.3.53 Russia 22.82

Spain 14.20

The phase of the subject which I have been asked

to present to you this morning is the part which chem-
istry and chemists play in the production of raw sugar.

Sugar, i. e., sucrose, although composed of the com-
mon elements, C H and O—the two latter in propor-

tion to form water—has not been made synthetically

up to the present time. I mention this for we read

occasionally in the Sunday newspapers of sensational

experiments (paid press notices, no doubt) where
steam is injected into an electric furnace containing

charcoal at one end and a continuous stream of the

purest white sugar flows out at the other. Here is a

sample of such sugar, testing 100 per cent exactly as

they claim, and here is an illustrated pamphlet telling

all about the process. It is simplicity itself, for they

show by foriuula that Cj, + iill„0 = CijHooOn, and

there you are. The most important feature of this, as

of all similar announcements is: "The price of our

stock is bound to increase rapidly; do not wait till the

stock goes higher but buy now."

The process of making synthetic sugar just de-

scribed is mentioned simply as an exarnple of the

countless number of fakes which are continually

springing up in connection with the sugar industry

;

Lecture delivered to the tliird and fourtli-year students in
chemistry and cliemical engineering of Columbia University, Jan.
18. 1911, and published in the School of Mines Quarterly.
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there are fake powders which appHed to the soil will three-fourths of the cost of the raw sugar, the remain-

increase the yield of sugar cane or sugar beets; there ing one-fourth being due to the expense of manu-

are fake chemicals for clarifying and fake processes of facture.

boiling and crystallizing. So many people have been The composition of the stalks and the expressed

deceived by putting money into fictitious schemes, that juice of the sugar cane vary considerably. The gen-

sugar planters and manufacturers have become in some eral range of the different constituents as compiled

countries ultra-conservative : they refuse to adopt a from analyses made in different countries is given in

really good invention when it does come along. It is the following table.

one of the chief qualifications of the chemist who takes Whole Cane, Cane Juice.',.,,, , . Per Cent. Per Cent.
up any branch of chemical technology as a proiession Water (37 -7-5 80 -86

to be able to detect quickly the false and good features Dry substance 33 -25 20-14
' ^

,-1 u Ui ..
F'ber (cellulose, etc.) 10 -lo

of the numerous new processes which are broiignt to Sucrose 11-16 12-18

his notice he will increase his usefulness and earning Invert sugar 0.5- 1.5 0.5- 2.0

,. . Ash 0.5-1.0 0.4-0.8
capacity in this way many times over. Nitrogenous substances 0.4- 0.6 0.1- 0.4

Sugar mav, at some time, be manufactured svn- Gums, acids etc 2-0.5 0.3-0.6
'' '

. , 1 ,

', Wax and fat 0.4 0.2

thetically just as indigo is now made; and when that
in,,i,,ij,,^, .^^es may show variations above or be-

day arrives it may also happen that synthetic sugar
j^^^. ^j^^^^ fioures

may displace the agricultural product just as synthetic
^^^ ^^^^^^ ^^^^ ^^^^^ .^ .^ ,^^^^,^^, ^^ ^j^^ ^^^^^^^ j^

indigo is displacing the product of the indigo i^lant.
^^^^ ^^^^^^ ^,^^^^^^.,^ _^^;„^ ^^ ^^^^^^^^ ^j^^ .^.^^ ^^^

But until the day of synthetic sugar does arrive we
^^^^^ ^^^j,,^ ^^^ ^^ ^jl ^j^^,^ ^^^^, ^^p^^ ^^^^ ^^^^^ ^^^^

must be dependent for our supplies of raw sugar upon
j,^^ ^^^^^^ ox-driven mills employed in the Philippines

some one of the sugar-producing plants among which
^^^^, ^^^^^ primitive countries, to the high power,

may be mentioned the sugar cane, the sugar beet, the
,t^a,„.,,riven hvdraulic nine and twelve roller mills em-

maple tree, tlie palm tree and various plants ot lesser
p,^y^^ .^^ ^^^^^ ^^^,^ ^^^^^.. p^^^^ ^.^^ Louisiana

importance as the sorghum and maize.
^,^^, ^^,^^^ countries where the most modern machinery

The oldest and best known sugar-producing plant is
j^ ^,^^^ ^^^ ^|^^ ^^^^ ^q^^ipp^^l ^^^^^^.^^ ^,^^ ^^,^^ j^ ^^_

the sugar cane. This plant grows only in tropical and
,5^,^^^^ ^^. ^,^ ^^^^^^^ ^^^^.^^ ^^ ^^,^^ corrugated crush-

semi-tropical countries; it resembles in manv ways the „ , •
, , ^, ,.11^ ^i •

1 ui 1 i r 1' - - ers, which reduce the stalks to a thick blanket of pulpy
Indian corn, producing a jointed stalk varying from

^^^^.^ removing at the same time some 50 per cent
SIX to ten feet or even more in length.

^^ ^^ p^^ ^^,^^ ^^ ^^^ .^^.^^ ^,^^ ^^^^^^^^ ^^^,^^ p^^^
In the long years of its history the sugar cane is riext through a mill of three rollers, where still more

probably but little richer in sugar than it was when of the juice is removed, and then through a second,
the soldiers of Alexander first tasted its juice. There third and sometimes a fourth set of such rollers, the
is an important reason for this: the sugar cane is hydraulic pressure upon the rollers being increased at

propagated almost entirely by planting the stalks, the each mill in order to remove more and more of the
buds or eyes germinating and producing a new cane j^j^e. It is also customary to wet the pulp with a thin
resembling the old stalk. It is practically impossible to ^pray of water between the sets of rollers, the water
improve a cultivated plant without the agency of thus' soaked up facilitating the removal of the residual
seed production

;
there must be cross-fertilization and sugar by the succeeding rollers. This process of wet-

some process of controlled selection. The sugar cane ting, of maceration, as k is called, is highly important,
produces seed in a feathery plume at the end of the 5^,t requires to be carefully controlled ; the water add-
stalk. but the seed had been regarded as sterile until ed must of course be afterwards evaporated and the
about thirty years ago when it was found that under question which the chemist must decide is when the
favorable conditions some of the seeds could be made cost of evaporation begins to exceed the value of the
to germinate

;
thousands of new canes have resulted extra sugar recovered. Large numbers of treatises

from this discovery and these so-called seedling canes have been written upon maceration and scarcely any
are displacing many of the old-established varieties, two authorities are found to agree upon the details of
In the nurseries of tropical countries, where new vari- manipulation. The quantity of water used for wet-
eties of sugar cane are bred, the problem of selection ti„g the fiber is usually abou't 15 per cent per 100 parts
devolves almost entirely upon the chemist, who deter- of normal undiluted juice, although 25 per cent and
mines the percentage of sugar in the different canes. ,„ore is sometimes used. With 15 per cent maceration
the purity of the juices and other factors which have about 90 per cent of the sugar in the cane is extracted
to je considered.

jj^ the juice ; with 25 per cent maceration over 95 per
The sugar cane, when the crop is ready, is harvested cent of the sugar may be extracted. The residue of

by cutting off the stalk as close to the ground as pos- cane fiber as it leaves the last mill contains about
sible, trimming off the green tops and stripping off the 45—50 per cent moisture and from 3 to 5 per cent
leaves. These and the other agricultural operations of sugar. /. c. from 5 per cent to 10 per cent of the
planting, fertilizing and cultivating require a large original sugar in the cane. This residue of fiber is

amount of labor, the expense for which makes up about called "bagasse" and is burned under the boilers ; it
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constitutes the chief and in some countries the only

supplv of fuel for operating- the sugar factory.

The polarization and purity of the raw juice are the

fir>t important factors to be determined in the chem-

ical control of a cane sugar factory. The polarization

of the juice will give the approximate sugar content

;

the dissolved solids in the juice are estimated by means

of a floating hydrometer called a Brix spindle. The

polarization of the juice multiplied by icx) and divided

by the reading of the Brix spindle gives the purity of

the juice. Good cane juices run over 90 per cent

purity, juices running from 85 to 90 per cent purity

are fair, and .from 80 to 85 per cent medium. Juices

with a purity below 80 per cent are poor and very un-

satisfactor\- to work.

The second step in the manufacture of cane sugar is

the clarification or purification of the raw juice. The

best clarifying agent and the one that has been used

from time immemorial is lime. Xothing better has

ever been found, although hundreds of patents have

been taken out for substitutes.

Many methods of using lime are practiced and a

few of these will be described. Cane juice as it comes

from the mill is slightly acid. One method of clarifica-

tion is to neutralize this free acid of the juice by add-

ing lime to slight alkalinity, and then to heat to boiling."

The lime combines with the organic acids and phos-

phoric acid of the juice and the heat coagulates the

albumenoid substances : a thick scum of impurities

rises to the surface, this is skimmed ofif and the hot

juice run into settling tanks when the suspended im-

purities settle out. More often the juice is passed

through filter presses and the impurities removed in

this way. The residue of impurities called "filter press

cake" contains the phosphates and nitrogenous matters

of the juice and is returned to the cane fields as a

fertilizer.

In many factories the cane juice is sulphured before

liming, gaseous S0„, produced by burning sulphur,

is led into the juice to a certain point of acidity : the

free acid is then neutralized with lime and the juice

heated as first described. The SOo has a favorable

bleaching effect upon the juice and the mechanical sep-

aration of the impurities is greatly facilitated by its

action. Objections against its employment are the in-

crease in scale (mostly CaSO^) which forms upon the

tubes of the evaporators and the contamination of the

molasses with sulphites, the latter being forbidden in

food products by the laws of some of the states. In

some factories phosphoric acid is used with the lime

:

this gives a beautiful clarification but does not give the

bright effect which bleaching with SOo brings about.

In some countries, notably in Java, lime is added to

the juice to strong alkalinity and the excess of lime

then removed with CO„. This process of clarification

called carbonatation is the only one used in beet sugar

manufacture. It works well with cane juices when
but little invert sugar is present. If the latter occurs

in large amounts the lime forms dark colored soluble

compounds which not only give a dark colored sugar

but interfere seriously with the work of evaporation

and crystallization. Such juices are said to be lime-

burnt. The tendency at present in cane sugar manu-

facture is against carbonatation and all other methods

of strongly alkaline clarification.'

The third process in the manufacture of cane sugar

is that of cz'aporatiou. In primitive countries and out-

of-the-wav plantations evaporation is carried out over

the direct fire in open pans or kettles. The juice is

either boiled down in one single kettle or passed

through a train of pans : when crystallization of the

sugar has begun great care must be exercised that the

mass be kept in constant motion : otherwise there will

be burning and caramelization next to the surface of

the evaporator. Such caramelization is in fact unavoid-

able and all open kettle sugars are characterized by a

dark color and by an agreeable aromatic taste which is

preferred b\' manv to that of the pure refined sugars. In

.some countries the cane juice after evaporating to a

thick pasty mass is allowed to cool and solidify, just as

molasses candy hardens after cooling. This solidi-

fied mass is called concrete sugar and is ground up in

mills and marketed as a coarse lumpy sugar of very

uneven composition. This concrete sugar contains of

course all the molasses with the soluble impurities of

the juice. Such sugar constitutes at present almost

the sole output of the Philippine Islands. It is ^hipped

to this country in mats weighing about 50 pounds and

comes in three grades which contain all the way from

80 per cent to about 90 per cent pure sucrose.

In other primitive countries, especially in parts of

South America, the juice is not evaporated to concrete

but only to the consistency of a thick mush ; this mush

is run into hogsheads having a fine perforated bottom

through which the molasses or mother liquor sur-

rounding the crystals of sugar percolates. When as

much as possible of the molasses has drained away the

residue of sugar is removed and sold as muscovado

sugar. This is purer than concrete sugar and polarizes

sometimes as high as 92 per cent. It is usually quite

moist and for this reason very liable to deteriorate.

In the open kettle process of evaporation there is al-

ways considerable loss of sugar due to caramelization

and inversion caused by the high temperature of heat-

ing which may be from 20° to 30° F. above the boiling

point of water. To avoid these losses all modern sugar

factories employ vacuum evaporators which allow

evaporation to proceed at a temperature much below

the boiling point of water and at the same time permit

the utilization of waste steam from the exhaust of the

engines and other points about the factory, ^'acuum

evaporators are manufactured in many different forms,

and are arranged usually in a series of two, three or

four sometimes even as high as five or six, the com-

bination being called double, triple, quadruple, quin-

tuple, or sextuple effects. In the first vessel of an

effect, a lower in the second than in the third, and so

on, the temperature of boiling for each succeeding ves-
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sel is thus progressively reduced. The steam which is

evaporated from the juice in the first vessel goes to

heat the coils of the second vessel, ihe steam from the

second vessel goes to the heat coils of the third, the

reduction in temperature of the steam for each vessel

being of course counterbalanced by the greater vacuum

and lower temperatures necessary for boiling. With a

long series of vessels as in a quadruple or quintuple, or

sextuple effect, the thin juice in the first body may be

boiled under atmospheric pressure or even at a few

pounds above this ; this is necessary in order to get a

high enough temperature to carry sufficient heat

through to the last evaporator. The subject of multi-

ple evaporation is a science in itself and exhaustive

treatises have been written upon this one single phase

of sugar manufacture.

After the clarified juice has been evaporated to a

syrup we come to the fourth stage of the process of

modern sugar making—the graining or crystallizing of

the sugar. This is accomplished in a vacuum pan

which is operated in much the same way as one of the

vessels of an effect : in the case of the vaccum pan and

the same is true with many other effects, the

process is assisted by connecting the outlet with a ver-

tical condensing column 28 feet high. A stream of

cold water flows through the column and this serves

both by rapid condensation of the steam and by the

barometric pull of its column of liquid to maintain a

high degree of vacuum.

To operate the vacuum pan a charge of syrup is first

drawn in ; this syrup as it leaves the evaporators has a

sp. gr. of about 1.25 or about 50 per cent solids and is

boiled down in the vacuum pan to a sp. gr. of 1.50 or

about 90 per cent solids. The ebullition in the vacuum
pan is violent and unless the sugar boiler is careful

some of the syrup may be carried over with the vapor

into the condenser; this is called cntraiiiment and is a

source of frequent losses in sugar manufacture. In all

modern sugar factories the chemist makes constant

examination of the condensation water, using the fa-

miliar a-naphthol test with HoSO^, this test being deli-

cate enough to detect one part of sugar in many thou-

sands of water.

The handling of the vacuum pan requires more skill

than any other operation of the sugar house ; care must
be taken to avoid entraimnent and care must be taken

to build up crystals of uniform grain or size. The
usual practice is to boil down the first charge of syrup

to what is called "string proof," /. c. to the point when
a few drops of syrup withdrawn from the pan will

draw out between the fingers in fine strings or threads.

When this point is reached a large charge of fresh

cold syrup is drawn into the pan ; the sudden cooling

of the supersaturated contents starts the formation of

inniunerable fine crystals. These first crystals consti-

tute the foundation so to speak of all the sugar ob-

tained in a given boiling or strike of the pan ; the

boiler aims to build up these crystals without forming
new ones ; he aims from now on to avoid supersatura-

tion and to avoid sudden chilling through draw-

ing in too much syrup at one time. He con-

trols his process by drawing out samples every

few minutes and examining these upon glass

against a light ; if he sees fine new crystals ap-

pearing among the old ones he reduces the vacuum a

little, thus raising the temperature and dissolving this

false grain as the fine crystals are called. By skillful

manipulation, which only comes with long practice and

experience, the sugar boiler is able to build up his

crystals to any desired size ; the usual practice is a

crystal about the size of ordinary granulated sugar ; in

certain localities, however, a large crystal is favored, as

for example, in Peru, where the sugar is boiled slowly

and for a long time, thus building up a very large

grain.

When the vacuum pan is filled with a tliick magma
of sugar crystals, of about the consistency of mortar,

the steam is shut off, air is admitted, the bottom of the

pan opened, and the entire contents dumped into a

mixer, which keeps the mass in slow movement by

means of revolving arms. This mixer is situated over

a row of centrifugal machines : the mass of crystals

called sometimes masse cuitc from the French or Full-

mass from the German is drawn off gradually in suc-

cessive charges into the centrifugals. The inner walls

of the latter are lined with fine brass meshing and as

the drums are rotated the masse cuite is whirled

against the meshing which retains the sugar but allows

the molasses to pass through. After spinning for a

few minutes until as much of the molasses is removed

as possible, the revolving mass of sugar may be

sprayed with a fine spray of water or a jet of steam

in order to remove more of the film of molasses which

remains adhering to the crystals ; the amount of spray-

ing depends upon the whiteness of sugar desired. In

Louisiana a very pure, white sugar is made by spray-

ing with several sprinklings of water ; such sugar is

over 99 per cent pure sucrose, the remainedr being

mostly moisture. In Cuba and Porto Rico they aim to

make a 96 per cent sugar. In Hawaii and Java a sugar

testing about 97 per cent is desired. Spraying will,

of course, dissolve some of the sugar, so that the proc-

ess is one which must be carefully controlled.

After the sugar is spun out, the centrifugals are

stopped and the sugar emptied through the bottom of

the drum into a conveyor by which it is carried to the

bagging department where it is prepared for shipment.

The raw sugar from the centrifugal contains consider-

able moisture and in some countries the sugar is dried

in revolving drums before being bagged. This drying

is advantageous for two reasons: (i) The excess

moisture is removed, thus saving the transportation

charges upon water, and (2) the sugar is sterilized

and protected against the attacks of ferments and bac-

teria. The drying of raw sugar is not practiced in

Cuba, Porto Rico or Louisiana, but is carried out in

Java and the Hawaii Islands where the sugar has to

be shipped for long distances to this city and other



^[ay, igu. THE CHEMICAL ENGINEER 1X3

ports lor i-ftining. 'I'lio stiira;;e of utulricd raw sugar stead nf 1)y 1)U(ls as with tlir cane, has rendered it easy

for long periods of time is a risky operation, as many tn build up the sugar-producing- capacity of the plant

speculators in sugar have found to their cost. until it has reached and in some cases even ])assed

The sugar which is made from the pure juice of the beyond that of the cane,

cane is called "hrst sugar" and the molasses drained I •-'".'.'lit to mention here the important historical

from this sugar is called "first molasses." The latter event which led to the founding of the beet sugar in-

.still contains a large amount of sucrose and various <l"sti"y
:

it was the great continental blockade estab-

processes are used to recover as much of this as will 'i^hed by the fleets of England against the whole con-

crvstallize. The first molasses is sometimes boiled tinent of Europe during the wars with Xapoleon. The

down again in the vacuum pan and a second crop of nations of Eurojie shut out from their supplies of cane

sugar crvstals obtained : this is the second sugar and sugar were driven to devise a substitute
:

in some

the molasses obtained from this the second molasses, countries, as in Bohemia, they made sugar from the

The second molasses may be boiled even again and a maple, in other countries they crystallized dextrose

third sugar obtained, the inolasses from which is the ^rom the juice of the grape, but these sources were

third or final molasses. Of course, as the sugar is re- inadequate. The final outcome of the matter was the

moved the impurities become more and more concen- birth of the beet sugar industry. It was one hundred

trated in the molasses, until finely a thick stringy mass years ago in 1810 that the first loaf of beet sugar was

is obtained which will no longer crystallize.
'

Such '"ade and presented to Xapoleon
: and the centenary of

a molasses may still contain, however, 30 per cent sue- t'lis event has just been celebrated in France,

rose: there is also present about 30 per cent invert It is doubtful if the beet sugar industry could have

sugar, 8—10 per cent of ash, and 8— to per cent of made much progress, had an important piece of ap-

gums. organic acids, amido-compounds, etc. This re- paratus, the polariscope, not been invented about this

sidual molasses is unfit for human food, although at- time. The polariscope ofTered a quick and rapifl meth-

tempts are made to bleach it, dilute it with glucose od for determining the amount of sugar in beets.

and make it otherwise presentable. The waste mo- There was thus established a means of selecting beets

lasses is valuable, however, as a cattle food and is also for the production of seed—mother beets as they are

used bv distilleries for making alcohol. called. A small boring is taken diagonally through

The' tendency of modern methods in cane sugar
''''« ^^a^"' "^ ''^^ '^^^^ ^"'1 ^'^^ percentage of sugar de-

manufacture is against the repeated boiling of mo- termmed m this by the polariscope. The beets ot high-

, ^i \ ^ 1 -1 1 • est content are planted for seed : the same iirocess is
lasses ; the aim is to get as much sugar as possible m . .

' . '

- , , " ... carried out with the second generation of beets grown
one operation. Alanv processes have been devised to . , , ^ , - "

, . ' .... , , ^ , ,
• , , , ,, ,

trom the seed of the first and so on generation alter
attain this end. One method is to take the molasses . _. , . , . . ,

, ,, -1 r 1 I
• . ^i generation. In this wav the original sugar content ot

trom the first strike of sugar, draw this into the "-,
, , , ^

- ,
,

" . ,... r 1 I- . -I
the beet ol only a few per cent has been raised to 14,

vacuum pan with the svrup for the succeeding strike '
t-, r , 1

, , ., , ,
' , T,, ^ , lu and even 18 per cent, i he process of seed selection

and boil the two down together, the masse cuite from . .,, , ... ' . , .

, . . . , " 1 -1 ,-11 I 1 • 1 .1 's still kept up and in the seed nurseries chemists are
this mi.xture is then run while still hot into large tanks,

, 1 , ,
• • ,

, r

,, , ... , • • , . , " • , kept constantlv employed polarizing mother beets for
called crvstalhzers, where it is kept m slow motion bv

, ,
. " A-i

'
1

1 1 -1
'

, . , ,,,.,' seed production, the work demands constant visril-
ineans of revolving arms : as the mass cools and thick- '

. ... , .

, . , . ^ , , , aiice : a plant easy to improve will deteriorate even
ens more molasses is drawn in to keep the proper de- ., .. , , , , . ,^ .

. ,, ... T,r, •„ , ,,- more easily: if the sugar beet were left to itself it
gree of fluidity. When no more sugar will crystallize

, , • . ^ ^ . ,
, , ,

, ^ . ,' , , . ^ , ^, 1 , J-
would revert m a few generations to the old condition

as determined by analysis of samples, the contents of
^ , '-

, ... ' . T I 1 I
of low sugar content,

the crystallizer are spun out in centrifugals and the ...
, ' v, , J- ,1 r .. T-i

'

Extremely lara;e beets are usually deficient m sugar
inolasses withdrawn from the factory. 1 here are many '

. ,, ,. .
•

.

,-c ^- r .u- 1
'

r I
' and are not desirable ; a medium sized beet is most pre-

modihcations of this process, each sugar manufacturer •
1 , ,

, • ,, ,1 .^1 1 r 1
• ferred. Alany beet growers place considerable stress

having usually a pet scheme or method ot his own.
.

'"
. . . upon the spiral twist which the root sometimes as-

u'lth this very hastv description of the sugar cane ^1 • r . 1 • 1 11 r r^^i.... sumes : this factor, however, is probably of little sig-
industrv we will pass to the great rival of the cane, the -r-

'
, ... mficance.

sugar beet. The history of the sugar beet industry ex- ,, ^ ,. ,
,

., . ^

, , , , ,
' , , , , ,, , Before taking up the details ot manufacture we

tends back only about one hundred years, but though
, , , , , r . .1 •. r .1^

, , . , ,
° should look for a moment at the composition of the

centuries younger than the cane industry the story ot
, ,...„,

' ^ , , ^ . . - sugar beet and its luice. ihe average range m eom-
the development of beet sugar manufacture is m many ^

, . ,, . , , ,

. .,,.„, " position IS given in the toUowmg table

:

respects more interesting to the chemist. Ihe sugar '^
'

a "-n . c -a , i^ '^ ... Sugar Beet. Sugar Beet Juice,
beet may be called the foster child of chemistry : in its Per Cent. Per Cent.

wild uncultivated form, even as we find it growing Water (•> —80 18 84

, ,
... , . , , . . Drv substance 15 —2o l(j —22

today, the primitive sugar beet is very deficient in Fiber (cellulose, etc.) 4 — <>

sugar. The beet, however, belongs to a much younger Sucrose 1"2 — 1<) 13 —1

1

. ^
., . , , .... Invert sugar <l.O— 0.3 0.0— 0..1

family of plants than the cane; its habits are not so \^\i (salts) 0.8— 1.5 0.6— 1.0

firmlv fixed ; it accommodates itself more easily to new Nitrogeneous substances..
.

1.5— 2.5 0.8— 1.5

. ^, . ,,,,-,. Gums, acids, etc 0.4— 0.8 0.3— O.fi

conditions. Ihe propagation of the beet by seeds, in- Wax, fat, etc 0.2
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It will be noted as compared with the cane there is

much less fiber in the beet and more water; there is

also more ash (or salts) and more nitrogenous matter,

but much less invert sugar than in the cane. These

differences in composition have an important bearing

upon the differences in process of manufacture.

In the first beginnings of the beet sugar industry the

beets were crushed and the juice pressed out in much

the same manner as with the cane ; this process, how-

ever, soon gave place to the process of diffusion. The

beets, after they are dug and deprived of their green

tops, are hauled to the factory ; they are first washed

to remove adhering dirt and then passed through re-

volving knives which reduce them to fine slicings or

chips.

The fine slicings are next carried by a conveyor to

the diffusion battery, which consists of a series of tall

boiler-shaped cylinders called cells. These cells are

connected together by pipes, the outlet from the top

of one cell passing downward into the bottom of the

next and so on around. Each cell is filled with beet

slicings through a manhole at the top and when full is

tightly closed with a cover which is clamped into place.

Twelve cells connected in series usually constitute a

batter}- and when all are filled, warm water of about

80° C. is passed through the system. The water cir-

culating through each cell removes the sugar from the

beet slicings and of course becomes richer and richer

in sugar with each succeeding cell. Heaters are placed

between the cells so that the circulating water is kept

always at the right temperature. \\'hen the water has

made a complete circuit through the twelve cells of the

battery the slicings in the first cell are practically ex-

hausted; this cell is then thrown out of circulation,

emptied of exhausted chips, refilled with fresh slicings

and reconnected with the system, while the second

cell undergoes replenishing. The process is thus a

continuous one ; ten cells are always in circulation

while one is always being emptied and one always

being refilled. This goes on continually during the

beet campaign, night and day, Sundays and holidays

;

interruption at the diffusion battery upsets the work
of the whole factory.

The exhausted slicings from the dift"usion cells are

dried by the heat of the flue gases from the boilers and

are then sold as a cattle food.

The diffusion juice as it leaves the last cell of the

battery contains from 12— 15 per cent sugar and is

then ready for clarification. The juice is first treated

with a considerable excess of lime ; and the dissolved

lime precipitated by leading in a stream of CO,. This

process, called "carbonatation," has already been de-

scribed.

The burning of lime is an important operation in

every beet sugar factory, the lime being used for satu-

rating and making saccharate ; and the kiln gases,

which contain on the average about 30 per cent CO.,

being pumped off for carbonating.

After the first treatment with lime and CO. the pre-

cipitated CaCo, and other impurities are filtered oft' in

filter presses and the juice subjected to a second car-

bonatation at a higher temperature. Less lime is used

in this second carbonatation, the final alkalinity being

only a few hundreds of a per cent CaO.

The juice from the second carbonatation is again

filtered, when it is evaporated, grained, and centri-

fugaled, these processes being carried out exactly as

described for cane juice.

There is a great dift'erence in the physical properties

of raw cane sugar atid raw beet sugar. Raw cane

sugar has usually a pleasant, fragrant odor and a de-

lightful taste which many prefer to the refined prod-

uct ; this is due to the presence of invert sugar and

the slight caramelization which this invert sugar has

undergone during manufacture. Raw beet sugar, on

the other hand, has a very objectionable odor, due to

the nitrogenous substances of the beet root and a very

bitter taste due to the mineral salts taken up by the

beet root from the soil. Beet sugar is not a fit article

of food until it has been refined. Attempts have been

made to render raw beet products more palatable by

subjecting them to a slight inversion and carameliza-

tion but this method has been only partially successful.

Many processes have been devised for recovering

the sugar contained in low grade beet molasses. In

the short time at our disposal we must pass over the

osmose process, barium process and other methods of

desaccharification and describe briefly the saccharate

process of Steffens. In this process the molasses is

diluted with water to about 12—14 per cent solids and

the solution treated in the cold with very finely pow-

dered lime, using all the way from 80—150 parts of

lime to 100 parts of sugar. Constant agitation of the

solution is necessary to prevent the formation of

clumps of lime and care must be taken to keep the

temperature down. The insoluble tri-saccharate of

lime which is formed is filtered in presses and washed

with cold water to remove impurities. This tri-saccha-

rate is then mixed with hot washings from the filter

presses and added directly to the diffusion juice for

saturating ; the saccharate is decomposed by the CO,
and the liberated sucrose worked up with that of the

juice. In some factories the saccharate sugar is treat-

ed separately ; there are many modifications of this

process and nearly every factory has a method of its

own.

A peculiar impurity found in sugar beet products is

the sugar raflinose, which has a polarizing power over

50 per cent greater than sucrose. A very small per-

centage of raffinose will introduce serious errors in

the control of factory operations and the chemist may
wonder why his yield of crystallizable sugar does not

come up to his polarizations. The sugar refiners in

England have been much agitated the past year by

finding large amounts of raiifinose in raw beet sugars

from Germany and a congress was held in Berlin to

arbitrate the question.

In addition to raffinose there are gums and [)ectinous
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substances in the beet which affect the polarization and There are several reasons for the belief that the fu-

introdiice errors in the calculation of the sucrose bal- ture development of the sugar industr)- will be more

ance. Similar gums arc also found in cane products. along the cane lines. There is first the cheaper cost of

Every well-organized cane sugar and beet sugar fac- producing cane sugar; the average cost of producing

tory maintains a strict account of all the sugar which one pound of raw sugar being about 1.75 cents for

enters the factory in the cane or Ijeet and all tlie sugar the cane and 2.25 cents for the beet, a difference of 0.5

which leaves the factory in raw sugar or molasses, cent in favor of the cane. There is second, the much

The difference between the two should equal the de- greater yield of sugar per acre which the cane gives

termined losses of manufacture, such as sugar lost in over the beet. Under the best systems of cultivation

the press cake, sugar lost in the spent beet chips, etc. and manufacture such as are found in Hawaii and

If there are any undetermined losses the chemist is Java, over four tons of sugar can be produced per acre.

called upon to explain ; the papers and discussions Germany, which leads in tlie production of beet sugar

upon vmdetermined losses would alone fill several vol- and in the yield of this per acre, can raise Ijarely two

umes every year. tons of sugar per acre. Then there is third, the pref-

In the present condition of the sugar industry the erence which the refineries of England give to cane

chemist has to understand not simply die chemistry of ^^''^^ beet sugar. Yet notwithstanding these advan-

sugar: he must also be perfectly familiar with' the tages possessed by the cane industry, the production

chemical properties and behavior of all the non-sugars °^ beet sugar seems destined to hold its own for many

which do and may occur in his raw products. A Ger- years to come
:
and indications are that the present

man chemist. Riimpler, has written a book upon the y^ar will see a record-breaking beet sugar crop of

non-sugars of the beet ; the list of compounds runs up 80OO.000 million tons. The consumption of beet

into the hundreds. Every technical sugar chemist S"§'3r, however, will be limited largely to those coun-

should master the contents of this book. It is a pitv
^"^s ^^^^''6 it is produced

;
it cannot compete with cane

that no such work has been written upon the non-
^""^'' '" f°''^'&" markets.

r ^, In the following table I have arranged some twentv
sugars of the cane.

, ,• , •

. ...-.., leading sugar-producmg countries of the world m the
The application of strict scientific principles has been ^ j„ " r ti" j t- x ^i^^ ' ' order of their production for the year 1909-10.

followed more energetically in beet sugar manufacture Tons
than in cane sugar manufacture and this we would 1- Germany 2,027,000 beet.

, r ,-, t . A . 11 ,
• , 2. Cuba 1,804,.S49 cane.

expect tor the beet industry was developed in the 3. Austria 1,257,000 beet.

highlv civilized European countries where skilled labor f • i*™ ,^',-??'?i^
,'^^"''-

'^ -
^

,
5. Russia 1,145,000 beet.

was abundant and the cane industry was maintained in 6. France 801,000 lieet.

primitive tropical countries where labor was shiftless i' J;^^y^V a/: IL'-T'ln?
,'^^''"^

'^
. ' .

. . 8. United States 4o0,o9o beet.
and unskilled. This condition of affairs existed for 0. United States .335,000 cane.

manv years and gave beet sugar for over two decades Jl'-
^°'"'?, ^"^°

o'-oaa.
'^^"^^

• ^ '^ 11. Brazil 2.)3.000 cane.
a strong ascendancy over the cane. In 1852, taking 12. Belgium 250,000 beet.

the whole supplv of the world, there was six times as |f ^^"''r'^l"^ r^i'^nA P'""-^'^ - 14. Holland 108,000 beet.
much cane sugar manufactured as beet sugar: beet 15. Mexico 160,000 cane.

sugar kept gaining, however, until 1884 the production |^-
Formosa 160,000 cane.

.* '^
'^.

'=' -^ 1 1 1 . Peru I.i0,000 cane.
of the two kinds of sugar was about equal, a little over 18. .Australia 134,000 cane.

two and one-half million tons each. Beet sugar then .?''• -^^S^""."^ •;••; ]'^'^ "ne.
^ 2m. Philippine Islands 120,000 cane.

took the lead until in 1899 the production of beet 21. Demerara 101,843 cane.

sugar was about five and one-half million tons and

that of cane about three millions. Then came the end- During 1910 Chile produced 7,705,535 Spanish quin-

ing of the Cuban war and with it the introduction of '^'^ more nitrate than during 1909, with a prospect of

the scientific principles worked out for the beet indus- ^^ great an increase for 191 1.

try to the old dilapidated cane factories of Cuba and jhe recent discovery of tungsten in Nova Scotia
Porto Rico. :\Iodern methods of manufacture had also h^g greatlv interested the steel and metal manufac-
heen busy reorganizing the cane industry in Hawaii, t^,rers both here and abroad. The mines are located
Java, Australia and other countries. The production q^ ^joogg Ri^er. about 30 miles from Halifax, and it

of beet sugar in 1901 reached nearly seven million tons
j^ claimed that the veins in number and richness ex-

and since then has remained about stationary
:
but the ^eed those of any other discoverv. So far the mines

increase m cane sugar production has gone forward h^.^g ^^^^ j^erely prospected, with a vield of scheelite
each year by leaps and bounds. In 1907 the cane had amounting to 75 tons, valued at $30,000.
caught up to the beet, the production be'ng a little over ^^

seven million tons apiece. In 1908 cane sugar was The new Technical College at Dunfermline. Scot-

over 600,000 tons ahead and in 1909 nearly 2,000,000 land, is now ready for formal opening. The institute

tons ahead out of a total world's production of about has been erected at the joint cost of Andrew Carnegie,

15,000,000 tons. This supremacy the cane seems des- the Carnegie Dunfermline Trust, and the Dunfermline

lined to maintain. school board.



1 86 THE CHEMICAL ENGINEER \'o!. XIII, Xo. 5.

jfflfnrn^f

EXPLORATION OF CUBAN IRON-ORE
DEPOSITS.-

By DWIGHT E. WOODBRIDGE.f

During April, May and June, 1910, I was in charge

of an examination of the greater part of the JSIoa

iron-ore area in Oriente Province. Cuba, on the north

coast, near the east end of the island. Aly instructions,

on arrival at the properties, were to check former esti-

mates of tonnages and grades, and to re-examine the

ore comprised in claims covering 44,727 acres. This

work included the running of lines dividing the prop-

erties into co-ordinate planes, the boring of many

thousand feet of holes spaced at the intersections of

these co-ordinates, the taking of samples of the ore

penetrated, the analysis of these samples for their va-

rious constituent minerals, and the determination of

the results as to tonnages, depths, and grades, both for

individual properties and for the entire group. Each

section of every one of the thousand holes drilled was

to be compensated for depth and grade with every

other, a series of simple arithmetical calculations of no

.slight magnitude, the mere mechanical labor of which

consumed much time, but finally resulted in giving a

complete average of all the essential facts for the

entire area of 18,000 hectares.

Articles descriptive of the discovery and develop-

ment of a tonnage of 600,000,000 tons of commercial

iron ore in the ^layari field by the Spanish-American

Iron Co.. have been published from time to time.

Subsequent to these discoveries and their exploitation,

the re<l soil at Aloa was recognized as an iron ore.

and researches were immediately instituted to deter-

mine the quantity and c|uality of this ore. These inves-

tigations commenced in 1906 and had been carried on

almost continuously with a varying degree of vigor up

to the time of my own examination, in 1910. The
tonnages of this new district proved to be greater than

those of ^layari, while the quality was found to be

quite similar. The resemblance in grade was but nat-

ural, since the origin of ore in these two fields was pre-

cisely the same and the breaking down of the ore-

bearing rock has proceeded at Moa in a manner
analogous to that process at Mayari. More than 50,-

000 acres of land were examined and drilled, the dis-

trict was mapped, and thousands of drill samples were

analyzed. It was found that the general area of these

Aloa fields was superposed upon about 60 sq. miles,

and that the ore beds extended directly to the Atlantic

*From Bulletin No. ijl of the .\merican Institute of Mining En-
gineers. March, 1911.

I'Duluth, Minn.

shore, forming a blanket more or less continuous from

the sea to the summit of the island, the height of land

between the Atlantic ocean and the Caribbean sea.

A precipitous range of rugged hills is practically

continuous along the north coast of Oriente Province.

These hills attain an altitude of from 2,000 to 2,500 ft.,

and approaching by sea, form the distinguishing fea-

ture of the landscape. At points the slopes reach the

water's edge, elsewhere they are some miles from the

shore. Xumerous bays break the coast ; some large

enough for harbors for ocean-going ships, while oth-

ers are constricted in area and shallow in depth. A
series of coral reefs extending for many miles along

the coast protect it from the constant sweep of the

Atlantic surge, which is hurled in by the steady NE.

trade-winds. Occasionally these reefs are cut by broad

and deep entrances, easily distinguished by the

break in the otherwise uninterrupted line of white

water that is like a foamy stripe, elongated on either

hand until it ends, a mere ribbon upon the blue. These

reefs, awash at low tide, are covered at high tide, so

perfect a protection do they form that the decrepit,

poorly-rigged, flat-bottomed fishing boats of the na-

tives are safe inside, no matter how fiercely the

C(imbers may smash upon the reefs beyond.

The cludadcita of Baracoa is 35 miles east of Moa,

and its history extends back to the time of Columbus,

for it was here that he first landed on Cuban soil. The

town was founded in 1500. To the west, 30 miles, is

the capacious bay of Nipe, where are situated the

works and shipping piers of the Spanish-American

Iron Co., the sugar mills of the i'nited Fruit Co., and

a terminus of the Cuba railway. Between Baracoa

and Nipe bay there are no settlements worthy the

name—only an occasional fisherman's hovel, where a

cocoa palm grove comes down to the sea, or where

there are a few roods of cultivable soil. So much of

the scanty earth along this stretch of coast is iron ore

that arable ground is hard to find and is in high

request.

Roads scarcely deserve the name in this section of

Cuba. While there is the Cainiiw Real, the so-called

King's Highway, it is impassable for wagons, and from

Moa to Baracoa a pack-mule cannot get through, even

with an empty saddle. In seasons of high water the

roads to Sagua and on to X'ipe bay cannot be traversed

at all, and communication is almost entirely by boat.

The poor transportation increased the difficulty of se-

curing provisions and supplies, of getting and keeping

competent men, and of handling the mails.

Xo surface of soil exists over these ores : indeed, the

ore itself is the soil, upon which grow either pine for-
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ests tir a characteristic trojjical jungle. On the lower

elevations and in the hetter drained of the npland

interior, ]iine predominates: inland, where the rain-

fall nia\' be heavier, and wherever it remains more

permanently after falling-, the verdant jungle enters.

It closely resembles the jungles of northern South

America, with its tough, cord-like creepers, its strange

arboreal growths, and its dense poisonous and prickly

shrubberv. It is hard to penetrate unless one has in

his hands that omnipresent weapon, the machete. In

the belief that a thin capping of surface soil and

humus might lie above the ore in these jungles, I took

a number of samples in these woods at varying <lepths.

which showed on analysis that, wdien found at all, the

ore extended to the surface, whether timbered or not.

No stripping of these ore bodies is necessary to fit

them for mining, and during the dry seasons a lighted

match mav be applied to the forest floor and the fire

will clean off all organic matter above the ore, leaving

it free and fit for immediate mining by the steam

shovel or other means of excavation.

Scatteretl about the surface of these deposits are

boulders, flat sheets, pellets, and nodules of hard iron

ore. somewhat dehydrated, and varying from masses

of many tons to pieces the size of minute bird-shot.

Natives call the pellets tierras dc perdigones, or "shot

soil," a name warranted by their appearance and by the

use to which they sometimes have been put, both in

peace and in war. While the upper inch or two is

occasionally composed entirely of this material, it is

usually carried in a matrix of soft ore. and it was the

original design, at the time of discovery, to wash this

hard ore from the surrounding red soil and ship a

product of indurated iron ore. This scheme, however,

was impracticable, owing to the expense of collecting

the hard ore, which is spread over a great area in a

comparatively thin layer or appears in isolated de-

posits and pockets ; moreover, the matrix contains so

much clay that washing was slow and difficult. Dur-

ing the course of experiments having in view the

washing of this material, it was found that the soft ore

matrix was as good ore as the hard, and it was not

until this fact was fully realized that the great size and

vast importance of these deposits were appreciated and

their possibilities realized.

It has been considered by some engineers that these

shot ores cemented into masses occur in layers and

bedding planes, and so form a persistent sheet cover-

ing a large continuous area. In proof of this they

point to the hard boulders frecjuently found under-

ground in the progress of drilling operations. Basing

my opinion on the results of a drilling campaign

greater than that of any concern aside from the Span-

ish-American Iron Co., at the Moa and JMayari prop-

erties. I cannot agree with this theory. I believe the

Iiard ore found underground in drilling to be blocks

and boulders of this cemented material, and not often

of large size. Also, that the horizontal outcrops of ce-

mented nodules, at times found along the sides of

erosion canons, are not original, but have assumed

their present condition since they became subject to

the changes incident to surface action; and this is the

case whether they are directly upon the top of the

ground or near to it. Contrary to statements made in

occasional reports, there are in these deposits no defi-

nite layers of ore of varying degrees of induration,

color, or class. The deposits are homogeneous masses,

and the harder ores found so freciuently are the result

of heat, the action of the elements, and the infiltration

of iron salts as a cementing material ; while the vari-

ations of color and texture are the result of a more

or less hydrated condition and a more or less complete

disintegration of the original rock, all due to local

favoring 'or retarding causes. I took careful note of

the depth reached by nodulized ore and found it to

average a itw inches, while the extreme depth was

24 ft. This latter depth for nodules was rare : in

such cases their proportion of the mass was very

slight.

The deposits constitute a surface mantle varying in

thickness from a mere film to 121 ft., which. I believe,

is the extreme depth ever drilled in ore in Aloa. This

hole was bored by men in the employ of the Juragua

Iron Co. The greatest depth which I attained w-as 81

ft., said to be the second deepest ever bored there,

and the deei>est ever put down by an ordinary crew

of two men. There is an average thickness of from 18

to 20 ft.; the results of work under my supervision,

covering an area of more than 8,000 hectares of ore

drilled, showed an average of 18.83 ft. ; Mayari ore.

I understand, is a trifle thicker. The thickness of the

ore mantle is affected by local causes, assisting or de-

laying the breaking down of the serpentine rock

(which experts agree to be the mother of this ore),

erosion by streams, and other causes. The ore lies

directly upon the serpentine, and mining will be some-

what unfavorably affected by the fact that the grada-

tion from ore to rock is not at all regular, but very

rough, so that in cleaning the bottom of an ore body

with any sort of automatic machine, chunks of ser-

pentine are liable to be broken off and lifted with the

ore, unless care is constantly exercised. This irregu-

larity is shown plainly at the mines of Mayari. and

shipments from these openings to Nipe piers some-

times contain serpentine broken from the floor.

Torrential mountain streams are frequent in this

area ; a square of 225 hectares was measured for

check work in which were no less than three large

rivers with deep gorges, each one worn well into the

underlying rock. In this particular area about 25 per

cent of the total was barren of ore. But. while there

are many streams, this special case was abnormal and

cannot be duplicated in the entire district. In spite of

a brief rainy season and a long dry period, waters flow

with surprising volume throughout the year. But ero-

sion at the present time is exceedingly slight and en-

tirely negligible so far as tonnage of ore is concerned,

for the arroxo slopes are hard and smooth, and. even
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in flood, the rivers bear comparatively little material in

suspension.

One peculiarity of this ore is that it stands indefi-

nitely without caving. On exposed vertical faces, open

to storm and sun, there is no appreciable sloughing-off

of the sides. I have seen pits dug years ago, that have

been open to the action of the weather, the vertical

walls of which still retain marks of picks and other

tools of the diggers. This ore is very clayey, repre-

sentative and composite assays showing ALOs, 13.34.

and SiO;, 3.36 per cent. Derived, as it undoubtedly

is, from serpentine, the proportion of alumina is natu-

rally very high.

By reason of the character and condition of these

ores exploration can be carried on by a process that is

simple, accurate, rapid and cheap. Ordinary 2-in.

auger-bits are forged on one end of 4-ft. sectional

rods, the other end being fitted to receive a sleeve nut,

5 or 6 ins. long, into which another 4-ft. section may

be screwed. As a hole is driven down by the auger bit

additional threaded sections are screwed on the rod,

making it any desired length. On each end of each

rod, except where the bit is shaped, is a backing nut

screwed down hard, in order to prevent the rods from

working too tightly into the sleeve nuts when turned

into the resisting ground, which would render it diffi-

cult to release quickly. In most cases ore can be bored

by this simple tool with comparative ease, and when

hard blocks and boulders are encountered under-

ground, they are sometimes cut by the substitution of

a cutting chisel bit for the auger point ; in other cases

the men will move a few feet away and drive another

hole, experience having shown that a very short dis-

tance will usually be sufficient to avoid a boulder.

The hole is started through the drier top soft ore or

nodules on the surface, a little water is poured in, the

bit lifted and driven down by the combined strength of

two men, and then turned in the ore. The work is a

combination of churning and boring. Every few feet

the tool is lifted, the ore adhering to the bit is cleaned

off by pressing a stick into the point of the bit and

then revolving the tool, and saved for analysis, and all

sludge that has collected above the bit is scraped off.

If the hole is sampled in sections, all ore taken out of

each section by the bit is saved to make a full sample

:

but if the hole is sampled as a whole, the ore is all

piled upon a cloth and afterwards mixed and quartered

down with the ever-ready machete to make a suitable

sample. A\'hen sampling was in sections it was found

best to adopt 5-ft. lengths, both for general con-

venience and to ease the work of the calculator of

averages. The drilling is hard work in deep or diffi-

cult holes, or where nodules are frequent—as hard as

any labor that a man can comfortably endure. It is

done almost entirely by Spaniards, mostly from the

province of Galicia, who become very expert and earn

good pay. It is all task work, and the going rate of

contract wages varies with the depth of holes as well

as with the character of country rock. Each pair of

boring-men is accompanied by a water carrier and a

sample marker, both paid by the day ; the sample

marker acts as the representative of the employer. He
measures the holes and sees that bottom is reached

before the drilling is stopped. The deeper the work

the more difficult it is, and there is on the one hand a

tendency on the part of drillers to shirk, and on the

other to allow themselves extra measurements. They

will stop in ore if it is hard drilling, marking piedra,

or "rock," on their last sample, if there is no one to

check them. Were it not for the peculiarity of this ore

of standing without caving, this system of drilling

would be impossible, and it would be difficult for the

engineer to follow and check the depth of holes by

dropping down a measuring rod, or by inserting a bit

with which to test the material at the bottom. It is not

uncommon to check grades of properties previously

drilled by inserting bits in the old holes and reaming

out a sample from the sides of the hole. If the

original hole has been protected at the surface by plug-

ging it with a piece of sapling, it is very unusual to

find the hole caved or destroyed.

The price paid the borers begins with from 1.5 to 2

cts. per foot for the first 10 ft. of tlepth. and increases

by the addition of a like sum per foot for each suc-

ceeding 10 ft. of progress following. In ordinary

ground each borer will earn from $2.50 to $3 per day;

in other words, a pair of borers will complete from

10 to 13 holes, averaging 20 ft. deep, per day. Some-

times, when work is unusually difficult, or when it is

desirable to get special results on check work, it is

necessary to pay by the day at the rate previously

earned on contract, or to give some sort of bonus for

depths. Working with one of these drills, two men

in my employ drove a hole 81 ft. deep, although it took

them two long days to complete it. This hole was

drilled at a spot where I thought that the ore was

thicker than the original testing, or my own first

check, had shown it. The original record was 22 ft.

and was marked "rock bottom" : my own check was

20 ft. and was likewise marked "rock." But the third

attempt went down four times as far before it really

bit the serpentine, though located less than 10 ft. from

either of the others. Evidently both former holes had

cut into an ore-boulder that the men thought was bot-

tom, or that they did not desire to penetrate. In the

third effort to reach bottom 10 ft. of hard ore was cut

by the use of a chisel bit between the 20- and 30-ft.

levels. A fact that was somewhat of a surprise to me,

in connection with this hole, was that the bottom sec-

tion, from 75 to 80 ft., showed ore as high in grade as

that in any other part of the boring, and slightly above

the average. The borers acquire great facility, and

work rapidly and hard. If the ground is easy of entry

they complete the holes quickly, and race each other

from one location to the next in order to lose as little

time as possible. They regard themselves as of a type

of laborers higher than the average, and feel pride in

their occupation.
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In no ollu'i" w ;!> is it possible to explore such an

area except at yreat expense and in a long time. Xo
system of tunnels, pits, or other openings is so well

suited to this work. It is well enough to sink pits

occasionally, to check by actual observation certain

facts that seem patent from the drilling, or to answer

questions that may arise. In this manner of drilling-

there have been bored on that part of the Moa area

explored by my men more than 50,000 ft. of openings

in ore, counting the work of original explorers and my
own check work.

B\' this rapid imd inexpensive method of boring the

ore blanket it will be possible to determine in advance

of any actual mine operation the precise quality of

product to be expected from any given area, and thus

to regulate grades won, or to produce any ([uality

within the chemical limits of the ore body. And it

will be a siinple matter to ascertain in advance the

general topography of the underlying rock, and thus

to brin-g mining work for years to come under an

assured and definite plan and system. All this, of

course, means a greatly reduced cost of mining.

To those accustomed to vein mines or to the great re-

placement deposits of the Mesabi iron range, borings

varying from 100 to 300 m. apart may seem utterly in-

adequate to prove grades and tonnages. But a consid-

eration of the origin of these fields and of their neces-

sarily quite homogeneous character answers this objec-

jection in part. The answer is made definite and conclu-

sive and the customary methods proved safe by results

secured in actual practice. In early examinations of the

Mayari field original borings were spaced every 100

ft., but as the work proceeded the ore was found to be

so regular in analysis, texture, and thickness that holes

were gradually spaced at intervals up to and even ex-

ceeding 1,000 ft. There w-as some variation in the

essentials, but the averages proved so closely as to be

accepted as perfectly competent evidence. The results

reached by these more widely separated borings have

been since abundantly proved and coniirmed by inter-

mediate holes spaced as close as 50 ft. from each

other ; while in actual mine operation over the same
ground, shipments also check these distant original

holes. ^ly own intermediate lines, run between co-

ordinates, were a further proof. Engineers and oth-

ers accustomed to narrow veins and comparatively

small tonnages may be startled at such figures as this

work presents, secured, as these have been, on data

that may seem absurdly insufficient, but study and ex-

amination will convince them of the reasonableness of

the assumptions made.

One interesting peculiarity of this ore is that often

its appearance is no guide to its analysis. Naturally

one might expect the deep reddish soft ore to be of

better grade than the coarser, yellowish ore containing

grains of quartz, etc. But this lighter yellowish ore,

when dried at 212°, is as high in iron as the heavier

red-colored ore, and its discovery in a hole is little or

no guide to the probable depth of that hole, although it

is a fact that this class of ore is found more fretjuenllv

near the base of the beds than in the higher levels.

It is very important, for this and many other rea-

sons, that any serious attempt at the examination of

these ore fields be assisted by a chemist in the field.

About 2,500 samples were analyzed during the course

of my work on this examination, most of them in a

field laboratory. It was impossible to maintain an
equipment in the hills sufficient for the determination

of chomium, nickel, phosphorus and the like, but all

iron assays were made there, and were kept as close to

the daily returns from the drillers as was practicable.

With the crude equipment at hand, one chemist, assist-

ed by two Spanish grinders from the district, assayed
as many as 50 samples in a day. Our laboratory was
housed in a palm-thatched hut, one side open to the

breezes, with its foot-thick roof inhabited by snakes,

scorpions and rats, and with myriads of flies, fleas and
gnats swarming about us as we carried on our calcu-

lations or weighed out our samples. The NE. trade

winds that come into such a laboratory after sweeping
over thousands of miles of sea are freighted with
dampness, and it was found that a slight delav in

weighing a dried sample caused it to absorb moisture
so rapidly as to affect the results. So careful were
my selected native assistants in their work of marking
samples, both in the field and in the grinding shed, that

of all the samples brought in for analysis less than half

a dozen were marked or misplaced.

This limonitic ore carries an excessive amount of

hygroscopic moisture and is light in weight, varying
between 18 and 21 cu. ft. to the ton. At an average of

20 cu. ft., which has been. assumed as a safe unit for

computation by all explorers in that field, the ore will

weigh 5,382 tons per hectare-foot. When the area

runs into thousands of hectares, and the average depth

to more than 18 ft., it may be seen readily that the

estimated tonnage will give an enormous aggregate.

The presence of nickel and chromium has been

noted. The former is found in quantities increasing

towards the floor of the deposits. In the analyses of

several hundred samples for this element, the highest

percentage found was 1.28 and the lowest 0.44, with

an average not far from 0.80. I need not emphasize

the economic importance of an iron ore averaging

43 per cent of iron, and carrying 0.80 per cent of

nickel. Several hundred te.sts for chromium showed
an average of 1.75 per cent, a serious matter if it were
not that a simple metallurgical process will eliminate

this element at one stage of the reducing operation.

Tliese ores are of Bessemer grade, slightly lower in

silica than the average ]\Iesabi, and not higher in kao-

lin than some Mesabi ores. Phosphorus exists in very

slight proportion. Sulphur is negligible. At Felton,

on Xipe bay, the Spanish-American Iron Co. operates

a large works for the beneficiation of this ore by dry-

ing it in cylindrical, rotating, horizontal kilns heated

to a high degree, which reduces, by 33 per cent, the

weight of raw ore charged. Against this cost of nodu-
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lization, which may be given at about $1.25 per ton of

product of the kilns, are to be placed the saving in

freights and duty, and the advantage to the furnace

man of receiving a partly prepared material for treat-

ment.

With no over burden to be removed, the deposit situ-

ated close to the sea, with stream valleys cutting

through the ore beds and running directly to deep

water, and with an average thickness suitable for about

one shovel cut, these ores should be mined at low cost

by ordinary steam shovel. The steam shovel is re-

ferred to here as though its advantage for this work

were unquestionable, but this is not so certain, since

some other type of machine excavator may be better.

The drag-line excavator has been tried, and has ad-

vantages, especially if the deposit of ore is compara-

tively thin and the floor quite rough. Also, its radius

of action is far greater than that of a steam shovel,

which must be moved frequently. There is no ques-

tion of the relative efficiency of the two machines if

the shovel can get one or two full cuts in clean ore,

but such opportunities are comparatively rare. One

block of 75,000,000 tons, assaying several percentages

better than the average of the district and of a thick-

ness of about 70 ft., can be connected with deep water

by a railway 4,000 m. long, without excessive gradients.

Ore so situated can be delivered on board ship at an

actual operating cost not to exceed 20 cents per ton.

The average cost of mining and rail transport to the

sea for the entire tonnage in sight should be but little

more than this amount, if operations are conducted on

a scale of magnitude commensurate with the impor-

tance of the undertaking.

Iron ore is transported from Cuba to American At-

lantic ports at 85 cts. per ton. It is carried in British

and Norwegian tramp steel ships of from 3,500 to

6,000 tons cargo capacity, usually equipped with two

cargo hatches forward and two aft. These vessels do

not compare with the great lake freighters of from

10,000 to 13,000 tons capacity and with from 20 to 33

hatches. To be sure, a lake ore carrier would not live

in the weather to which these boats are subjected, but

there is no doubt that reasonably large staunch carriers

can be so constructed as to afford rapid loading and

unloading at each end of the route. With a ship of

this trade, more money could be made at 70 cts. per ton

than the lake boats make at 85 cts. per ton. Adding

duties at 75 per cent of the foreign import rate, inci-

dentals, administration expense, nodulizing, and all

other charges, a nodulized 54 per cent. Bessemer ore

can be delivered from these mines at Amrican Atlantic

ports at a cost of about 5 cts. per unit of iron, and at

Pittsburg at a cost of 8 cts. per unit of iron, the addi-

tional 3 cts. being due to the freight from the seaboard

to Pittsburg. The raw ore can be delivered at the

same points at 3.5 and 7.2 cts., respectively. Of course

Lake Superior ores have a counter and equivalent ad-

vantage at Pittsburg as this Cuban product has at

ocean ports, due to the cost of the rail haul between

that city and the sea.

\'arious important steel making concerns are inter-

ested in the Moa region. The U. S. Steel Corporation

has a number of men in that field ; the Pennsylvania

Steel Co. and the Bethlehem Steel Co. are also well rep-

resented by their subsidiary companies—the Spanish-

American Iron Co. and Juragua Iron Co. ; and other

eastern and western interests are identical with the

field. No mining has as yet been started at Moa, but

it is probable that operations will not long be delayed.

THE ELECTROLYTIC SYSTEM OF AMAL-
GAMATING GOLD ORES.-=

By ELMER ELLSWORTH CAREY.

I am convinced that a revolution in mining methods

is imminent, due, to a great extent, to the work of

those engaged in research work along electrochemical

lines. In submitting this paper, I will have the oppor-

tunity to refer to a very valuable paper, read at the

Dec. 16, 1910, meeting of the Xew York Section of

this society, by Mr. John Collins Clancy,t on his

electrochemical cyanide process. Some comments on

Air. Clancy's paper appear below.

The increasing demand for gold has turned the at-

tention of miners and metallurgists to new fields and

new methods, and every year brings down the cost of

mining and milhng ; new extraction methods are being

tried, and every effort is being made to save values in

low grade and refractory ores. The tailing piles of

yesterday are now being reworked ; and tomorrow the

tailings piles of today will yield further values, as the

march of progress discloses new methods, systems

and appliances.

The favorite ore of the miner is the so-called "free

milling." In such ore the gold particles are compara-

tively large, and are generally imbedded in quartz ore,

free from sulphur, arsenic, etc. \'alues in such

silicious ores may be recovered by the standard sys-

tem of amalgamation. Then there are other ores

where crystals of iron pyrites (sulphides) are found

in the quartz, and within the pyritic crystals may be

found gold particles in a finely divided state. The

values in such crystals cannot be recovered on the

usual mill plate, as the particles of gold are coated with

various substances, preventing amalgamation. The
present practice is to separate the pyritic crystals from

the crushed ore by various types of concentrating

tables. This so-called concentrate is then sent to a

smelter, or it is ground in tube mills (100-200) mesh

and delivered to the cyanide tank, where the extrac-

tion ranges from 85 to 96 per cent.

Concentrates can only be sent to a smelter where

the values are high enough to pay transportation and

reduction charges ; the cyanide process is expensive

•Paper presented at the 19th General Meeting of the American
Electrochemical Society, in New York City, April C-S, 1911.

tMr. Clancy's paper was printed in our last issue.—Editor.
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and iinsatijtact(.iry, unless we admit -Mr. Clanc\'s claim

that he has solved the cyanide problems by his sys-

tem of electrochemical cyanidation.

Another method calls for fine gradinjj ( loo mesh)

and electro-amalgamation. An ideal plant for this

process consists of some type of rotary crusher, with

outside screening, possibly a secondary crushing de-

vice to finish the work of the first crusher, and from

the crusher the pulp, ground sufficiently fine to release

all economic values, is passed over electrolytic amalga-

mating de\ices. The released values are recovered in

the form of amalgam. Concentration, cyanidation and

smelting are unnecessary and the metallurgy of gold is

reduced to its lowest terms.

The theory of electrochemical amalgamation has

been before the mining world for half a century; one

of the earliest authoritative papers on the subject may

be found on ]>. 205, of \'ol. I of the Proceedings of

the ( London 1 Institution of Mining and Metallurgy.

Early investigators found as many difficulties as the

pioneers in the art of aviation. \\"nh no information,

no reserve of text book knowledge, nc.) authorities to

consult, no works on electrochemistry, it is not strange

that the electrolvtic method of gold recovery made

slow progress. All the problems of current density,

anode troubles, forms of construction, etc., had to be

laboriously and expensively worked out. To obtain

working data regarding the system will cost an inde-

pendent observer several thousand dollars and a year

or two of time ; besides he will draw heavily on his

stock of good nature, patience and perseverance.

In electrolytic amalgamation, the sole function of

the electric current is to deposit hydrogen, sodium,

potassium or ammonia in the mercury. The sole func-

tion of sodium or potassium is to de-oxidize water, and

the final work in the chain of reactions is the libera-

tion of nascent hydrogen at the surface of the mer-

cury. As the particles of gold sweep over the electro-

lytically excited mercurial surface, all substances usu-

ally preventing amalgamation are automatically and

almost instantly destroyed or rendered inert. Grease

is saponified by the caustic soda ; oxide coating on

gold particles is reduced by hydrogen ; in a word, gold

particles are cleaned and amalgamation quickly

follows.

It has been known for some decades that in some

way amalgamation was intensified in the presence of

the electric current ; the problem was to devise a ma-

chine to utilize the electrical action to the best ad-

vantage. Many complicated devices for this purpose

have been patented, but as is usually the case, the

successful apparatus is simple—almost childishly sim-

ple. So simple is the device that extracts all released

values, and so broad are the claims made for it, that the

builders of our metallurgical temple have persistently

rejected this stone. I will follow the scriptural allu-

sion no farther, but I earnestly suggest that in dealing

with any difficult extraction problem, the claims of

electro-amalgamation be considered.

Hungarian mercury wells arc de.>cribed in \ ol. il

of Prof. R. H. Richards' Work on (Jre Dressing; by

making the baffle in such wells an anode, using suitable

material, and employing an 8 to 12 volt current of high

amperage, we have an electrolytic amalgamating de-

vice. The objections to the use of such mercury wells

disappear when they are electrified, and their e.xtrac-

tion efficiency is greatly increased. The interior of

such wells must be lined with some very refractory

substances. The ideal amalgamator provides a method
by which the gangue is brought closely and intimately

into contact with a mercurial surface, which acts as

a cathode ; provide these conditions, and arrange for

suitable capacity and durability, etc., and the low grade

and refractory ores of the West soon yield their gold.

Today the mining industry is at a standstill because

new conditions call for new methods. The old style

mining engineer must give way to the metallurgical

and chemical engineer. There are no problems in

metallurgy that cannot be solved by the application of

the proper electrochemical principles. Electrochem-

istry has devised profitable methods of extracting the

useful metals from other ores, and electrochemistry

will also find methods for releasing the noble metals

from Nature's refractor}' grasp. There is more gold

in the West than has been mined. Lying in plain view

in tailing piles, low grade veins, desert sands, beach and

river deposits of the West, there is sufficient gold

awaiting the electrochemical engineer to pay the com-

bined national debts of the world. There will be no

great advance in the mining industry until the tech-

nical schools have furnished a supply of electrochem-

ical metallurgists ; for the problems of the mining in-

dustry today can only be finally solved by the electro-

metallurgist.

In Mr. Clancy's paper above mentioned, the author

takes occasion to speak rather disparagingly of the

electrolytic system of gold recovery. He states : "One
of the most severe criticisms on electrolytic processes

is where the direct precipitation of the values from the

ore pulp is concerned, the objections probably being

due to the scouring of the plates by the circulating

ore and the consequent loss of finely divided gold

amalgam in the ore pulp."

W ith the use of the electrolytic sodium-mercury cells,

as above mentioned, there is no scouring of the plates,

and no loss of finely divided gold amalgam ; on the

contrary, mill pulp after passing the electrolytic sluices,

contains only encased values. The aqua regia test

shows no free values. It is true that electrolytic plate

amalgamation, to be successful, requires considerable

experience in the art, but it is possible to arrange elec-

trolytically excited amalgam plates so that the dire re-

sults mentioned by Mr. Clancy do not occur. Electro-

lytic amalgamation will give extraction results equal to

electrolytic cyanidation ; and when cost of installation,

operation and maintenance are considered, all com-

parison ceases. Scores of investigators in the last

25 years have given testiriony as to the efficiency
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of electrochemical cyanidation ; the method of regener-

ating the cyanide solution and the recovery of values

not amenable to the straight cyanidation have frequent-

ly been referred to in the technical and mining jour-

nals. Mr. Clancy deserv^es credit for calling attention

anew to the utility of electrolytic lixiviation, and his

standing is such that many engineers will doubtless

turn their attention to electrolytic processes. How-

ever, I regret that Mr. Clancy should have found it

necessary to disparage electro-amalgamation, which is

now slowly being' recognized by progressive mining

engineers as an important factor in milling. But let

no one imagine that he can run a few wires from a

power line into a solution tank and have a successful

electrolytic cyanide plant ; and let no one imagine that

he can connect his battery plates with a low voltage

generator and thereby greatly increase the extraction.

This would be on a par with the village mechanic who

purchased working drawings of an aeroplane and set

out to build a flying machine.

A simple, but very interesting experiment which

may throw some light on the wonderful activity of

hydrogen-sodium amalgam and the value of electro-

lytic amalgamation is made by placing a piece of plastic

sodium amalgam the size of a pea in a test tube and

adding an ounce of water heavily saturated with am-

monium chloride. Test the amalgamating powers of

the very curious resultant amalgam by copper and iron

wire.

Those who wish to investigate the records of the

patent office for progress in electrolytic amalgamation

will find the various types of electric amalgamators de-

scribed in the following U. S. patents

:

526,099 579,211 592,793 418.134 370,366

492,711 669,058 548,265 307,081 285,523

641,-360 590,524 328,532 757,557 947,958

Copies of the above patents may be had from the

Commissioner of Patents, Washington, D. C.

An electrolytic amalgamating apparatus should be

so constructed that there is a constant and regular

electro-deposition of sodium (or some similar element)

in the mercury, and provision must be made for pass-

ing auriferous pulp or sand over the mercurial surface,

so that every particle of gold is forced into intimate

contact with the mercury. With the automatic deposi-

tion of sodium, and suitable mercurial contact, no free

values can possibly escape ; and the ideal milling plant

of the future will consist of some type of rotary

crusher producing a loomesh product, followed by a

series of electrolytic amalgamators. Such an arrange-

ment will extract all values shown by any free gold

test.

The ideal electrolytic amalgamator consists of a

series of electrolytic sodium-mercury cells, followed by

another electrolytic amalgamating device in which the

values are recovered on silver-plated copper plates, of

suitable construction. With the mercury wells, high

amperage may be employed, liberating large volumes

of hydrogen, which removes all coatings (oxides, sul-

phides, grease, talc, silicious coatings, etc.) from the

microscopic gold particles ; in the secondary amalga-

mator the plates offer a large cathode area so that all

portions of the pulp are forced into contact with a

highly active mercury surface. The supplementary

amalgamating device above mentioned consists of a.

silvered copper plate of suitable width ; this plate con-

tains parallel, transverse, semi-cylindrical depressions

(grooves, pockets or riffles) the full width of the plate

;

into these grooves project cylindrical terra cotta cylin-

ders, leaving a quarter-inch clearance, from three to

four inches in diameter ; these cylinders contain a

graphite core, one inch in diameter, connected as an

anode.

The pulp passes under the cylinders, and sweeps

gently over the curved (cathode) amalgam plate,

while gravity, the force of the water and centrifugal

force tend to drag each gold particle into contact with

the highly excited mercury surface. With such a series

of amalgamating riffles, supplied with a low voltage

current of proper density, we have an amalgamating

device of wonderful activity. It is not too much to

say that this simple device will extract 99 per cent of

the values which may be saved by any system of

lixiviation, the cost of extraction being insignificant.

Fig. I shows a section of a new type of mill plate

which I have devised. The sides are not represented.

The silver-plated copper plate (being of the usual

length of amalgamating plates) contains transverse

parallel semi-cylindrical grooves into which fit solid

cylindrical wooden baffles; these baffles may also be

made of standard piping or casing, from 3 to 4 ins.

in diameter, with the ends closed. The clearance be-

tween the plates and the baffles is from 3/16 in. to

% in. One piece of copper plate may be used, with
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the proper depressions pressed therein, or, preferably,

a number of overlapping plates may be used, each plate

containing one or two semi-cylindrical depressions.

The plates are held in position by their own weight,

fitting closely to the sides, and can be quickly removed

from the device for cleaning up. The device may be

given any desired grade, and the plates are dressed and

operated as the usual mill plate. A mill plate arranged

as described will make a better extraction on the aver-

age ore than the usual type of amalgam plate, there

being no loss of amalgam.

In Fig. 2 is illustrated an electrolytic mill plate, con-

structed similarly to the one shown in Fig. i, which

will not only recover all values saved by the standard

types, but in addition, all free values in silicious pulji

and slimes, all values in placer material, beach, sand

and all black- sand values are also recovered. The
cylindrical baffles are made of terra cotta, and each

contains a graphite core connected to the positive lead

of a low voltage generator ; the amalgam plates are

connected to the negative lead of the generator.

In the first groove or riffle shown in Fig. 3, the water

and pulp passes over the amalgam plates as in Fig. 2

;

in the second riffle of Fig. 3, the amalgam plate, con-

nected to the negative lead forms a casing for the

baffle, and the pulp stream passes under the mercurial

surface, thus bringing the surface of the water into

intimate contact with the electrically excited mercurial

surface: or a copper cylinder, silver plated, may be

used as a baffle, and at the same time act as an amalga-

mating surface. A gold saving device may consist of

a series of such riffles as shown in Fig. 3, arranged

alternately ; such an arrangement is particularly useful

in treating pulp containing gold in a finely divided

form, or for recovering values in slimes or in solu-

tions. By screening placer material to 10 or 12 mesh,

and passing the undersize over an electrolytic amalga-

mating sluiceway of suitable length, all fine, rusty,

float, coated and greasy gold is recovered.

With the standard system of mill-plate amalgama-

tion, many difficulties are encountered ; with the device

just outlined, all the usual amalgamation troubles dis-

appear. The plates may be dressed by hand in the

usual manner once a day ; by adding a mercuric solu-

tion to the water, the proper amount of mercury will

be deposited electrolytically to keep the plates in ex-

cellent condition. Electrolytic sodium amalgam con-

taining gold is soft, yet tenacious ; it is plastic and ar-

rests every particle of passing gold, yet such amalgam

never crumbles. Such an apparatus will extract free

gold from material having any kind of gangue, clayey,

sulphurous, arsenious. etc., and there is no fouling, no

formation of sulphide coatings, no discoloration by

tellurides, arsenides, etc.

In certain classes of base ores it may be necessary

as a preliminary measure to treat the pulp for 30

minutes by electrolytic pan amalgamation before pass-

ing the pulp over the electric sluice ; and for ores con-

taining gold in chemical combinations (sulphotellu-

rides, etc.) a preliminary roasting may be required.

In the near future we may look for a greatly in-

creased production of gold, due to the application of

electrochemical methods in niining and milling opera-

tions ; were electro-amalgamation and electro-cyanida-

tion today in general use in other mills now in opera-

tion, the gross output of gold would be increased 25
per cent. The great increase in the future supply of

gold, however, will come from vast low-grade deposits

and ledges which cannot now be commercially mined.

A new field containing fabulous treasures awaits the

command of the mdoern Aladdin—the electrochemical

engineer.

THE CONSERVATION OF OUR METAL RE-
SOURCES.*

By ALBERT E. GREENE.f

My theme before this congress is the conservation

of our metal resources. Just as we are conserving the

timber in the forests ; utilizing the land w-e have here-

tofore called desert ; using the exhaust steam of steam

engines and greatly increasing their power ; so also

in the metallurgy- of our base metals we are beginning

to conserve a i-io of a per cent of metal here, a i per

cent of metal there which have hitherto gone to waste.

Most of you are aware of the great progress made
in recovering copper or silver or gold out of low grade

ores that only contain a very small percentage of these

metals. Now in another field there is a loss which

has been going on before our eyes with apparently no

attention and it is a loss which amounts to millions oi

dollars per year. It is effecting not only large cor-

porations but it is effecting small producers even to a

greater extent. The loss to which I refer is the loss

of metal in the processes of making steel and other

metals from ores.

In the production of the 20,000,000 tons of steel

per annum in this country there is a loss of metal by

oxidation during the conversion process which prob-

ably aggregates i.000.000 tons. Most of this metal is

lost in the slag and some of it can be reduced again by

smelting the slag in the blast furnace, but in the Bes-

semer process a large part is blown out of the vessel in

fine dust which is difficult to collect. The loss of metal

by oxidation in the Bessemer process alone probably

aggregates over 500,000 tons per year.

Another significant fact is that a very considerable

part of the metal lost by oxidation consists of elements

which are more valuable than iron—such as manganese

and silicon. These elements are usually required by

specification in the finished steel and although the iron

ore usually contains enough of them, and the blast fur-

nace process usually reduces them into the iron in

sufficient quantity to meet specifications without any

•Paper presented before the Congress of Technology at the
50th Anniversary of the Granting of the Charter of the Massa-
chusetts Institute of Technology.
tElectro-Metallurgical Engineer, American Electric Smelting &

Engineering Co., Chicago, III.
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additions, yet in the Bessemer and open-hearth proc-

esses they are almost invariably oxidized again and

practically lost. When one remembers these facts and

.that it costs to reduce these metals into the iron and

that after they are oxidized out they have to be re-

placed by expensive alloy additions to the steel—it

seems as though this were an excellent opportunity to

apply conservation theories to advantage.

:\ry object in this paper is to point out how such

losses as these can be and are beginning to be dimin-

ished, and another object is to show how the appli-

cation of physical and chemical principles to these

problems is one of the greatest aids we have in accom-

plishing this end. If I can do this I shall feel that, in

some small way at least. I shall have served my alma

mater, to whom I feel very greatly indebted.

It has been my privilege to have followed one of

the newer fields of development influencing the con-

servation of our metals. This is the field of high tem-

perature chemistry which the advent of the electric

furnace has opened up. It has been said by prom-

inent steel men that in the next ten years the great-

est developments in that industry will be those effect-

ing increased metallurgical efficiency. I venture to say

that in this one industry by the application of elec-

tricity together with improved chemical processes there

will result a saving of metal which will amount to

hundreds of thousands of tons per annum.

I wish to try 'to show how the electric furnace can

influence conservation in such a way. It is not simply

because the electric furnace provides a means of get-

ting extremely high temperature but rather because by

means of electrically developed heat we can simul-

taneously control the temperature and the chemical re-

actions wholly independently of one another. This is

a most important fact, and it opens up a whole new

field of chemistry, especially where the gaseous treat-

ment of metal is involved.

For sake of comparison let us consider the methods

of heating now in use. Almost invariably heat is ob-

tained by the combustion of fuel. The fuel is usually

burned in the same chamber with the material heated

so that gaseous products of combustion come in con-

tact with the material. These products of combustion

are themselves of an o.xidizing nature since they always

contain oxygen, and furthermore, to obtain high tem-

peratures efficiently, it is necessary to burn the fuel

with excess of oxygen which makes the atmosphere

still more oxidizing. Thus we see that as a general

thing high temperatures are obtained only imder more

or less oxidizing conditions whether such conditions be

desired or not. For example where steel scrap is

melted in an open-hearth furnace the steel takes up

more or less ox}gen in some form or other and the

melted steel must be deoxidized by use of silicon and

aluminum or other agents. Here much metal could

be saved if the atmosphere could be controlled. In

another example such as the open-hearth process where

pig iron is being converted into steel, the oxidizing at-

mo.sphere aids in oxidizing the carbon but the trouble

is that it oxidizes the metal, too, and this is the im-

portant cause of the great loss of metal referred to

above. Even though the atmosphere may be modified

slightly by allowing the gas to enter the furnace

chamber next the charge and beneath the air, yet this

does not prevent the loss by oxidation. And so we are

practically driven to use the electric furnace if we de-

sire to control temperature and atmosphere inde-

pendently of one another.

Let us now see what can be accomplished b}- means

of such independent control of temperature and gases

and let us consider in this connection the meaning and

use of the term "neutral atmosphere."

One often hears of maintaining a neutral or a non-

o.xidizing atmosphere in an electric furnace to pre-

vent oxidation. If we have a bath of steel and an

iron oxide and lime slag on top of it. a neutral or non-

oxidizing atmosphere would not necessarily prevent

oxidation of elements in the steel. A neutral atmos-

phere would be in ecj^uilibrium with iron and an o.xide

of iron. If we are going to make use of the atmos-

phere to prevent oxidation it must be controlled and

not kept simply neutral. It ought to be reducing in

certain cases and oxidizing in others. And this leads

me to the consideration of an idea whose application

in practical processes I believe is new. It is this : We
can by controlling the temperature and also the com-

}X)sition of the atmosphere acting on a charge at a

given temperature, effect a reduction of one substance

and an oxidation of another substance at the same

time by the same atmosphere. As far as I am aware,

the application of this idea to the o.xidation of an im-

jnirity out of a metal without oxidation of the

metal itself and even with the reduction of the metal

oxides is new. Its application to the conversion of

iron into steel makes it possible to oxidize the carbon

without the very great loss of metal I have already re-

ferred to.

Inasmuch as I was led to a clearer conception of

such a process as this by a careful study of the chem-

ical principles involved, it may be of interest to apply

one or two of these principles to a simple case, for it

is the application of these principles which I believe

is of great value in improving the efficiency of such

]irocesses.

Suppose we are working with pig iron and can re-

act on it in a furnace chamber with an oxidizing or

reducing gas or mixtures of these gases and at any

temperature and pressure. The physical conditions to

be controlled in such a case are the temperature and

the pressure of gas in the furnace chamber; the chem-

ical conditions are the reactions between the dift"erent

elements and compounds present.

The two laws particularly applicable in this case

are the ^lass Action Law and the Phase Rule. Let us

choose a simple reaction which might take place in

the above example. The CO, gas present may act on

the iron as follows

:

CO, -I- Fe = FeO + CO.
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Tlic law of Mass Action tells lis that if such a re-

action goes on in a closed vessel at a given elcvatcil

temperature and pressure, a condition of equilibrium

will be reached and the CO produced will bear a cer-

tain relation to the CO^ present. For the given tem-

perature ami pressure the ratio of the amount of CO
and CO._. will have a particular value. The Mass

Action Law also tells us that if we force more COo
into the closed vessel the oxidation will proceed fur-

ther and if CO is forced into the space the oxidized

iron will he reduced.

Xow suppose we replace the mixture in the vessel

by a mixture of CO and CO. in which the CO is in

excess of the amount present under the equilibrium

conditions just referred to ; the result will be that some-

iron oxide will be reduced and CO. formed, and

equilibrium will tend to be restored, but the amount

of solid or liquid iron oxide remaining will be less

than at the start. We can make this replacement con-

tinuous so that the gas in the chamber is always re-

ducing toward iron oxide and we therefore have a

means of carrying the reduction of iron oxide to com-

pletion and preventing the further oxidation of iron,

it being remembered that the amount of solid FeO
present does not influence the equilibrium. And fur-

thermore this can be done with a gas containing the

oxidizing agent CO.,. By keeping enough CO. pres-

ent it is possible to oxidize carbon v\'ithout oxidizing

iron, since carbon oxidizes more easily than iron at

high temperatures.

With respect to temperature and what the control

of it enables us to do, the Phase Rule tells us among
other things what the effect of temperature will be on

the equilibrium we have just considered. It tells us

that the tendency of oxygen to separate from iron

oxide has a certain definite value for every tempera-

ture. Increasing the temperature increases the ten-

dency to separate or dissociate. This tendency is called

the dissociation pressure of oxygen for the particular

oxide and it has been measured for a few compounds.

For our purposes, at present at least, we can and must

get along without knowing what these actual pressures

are because they have not, except in a few cases, been

determined ; it serves our purpose, however, if we

know what ratios of reducing gas to oxidizing gas will

prevent the undesired oxidation for given tempera-

tures. Thus we need only to know, first, what ratio

of CO is needed with a given per cent of CO^ in a

gas in order to prevent oxidation of iron at a given

temperature and second how this ratio changes with

the temperature.

The Phase Rule tells us the same thing about other

elements, for example silicon, manganese, carbon,

phosphorus, etc., these being the ones with which we
are concerned in steel processes, and we find that at a

given temperature these different elements as a rule

have different tendencies to oxidize. Since the tem-

perature affects different elements differently we find

also that at certain temperatures two elements may

have the same tendency to oxidize, and the so-called

critical temperature of the Bessemer process when
both silicon and carbon have an equal tendency to oxi-

dize is one of these temperature points.

To sum up a few of these considerations we have

seen how by continuously controlling the atmosphere

acting on a given charge we may carry out any par-

ticular reaction to completion or how we may pre-

vent a given reaction for an indefinite time ; how an

atmosphere which is reducing to one metal at a given

temperature may not be reducing, but ma)^ even be oxi-

dizing, to another element, and that the term "neutral"

is indefinite unless something more is specified.

And finally I think you will see how the electric fur-

nace, by reason of enabling us to control temperature

and, at the same time, oxidize one element wdiile keep-

ing another reduced, makes it possible to do what the

present steel making processes cannot do, that is, oxi-

dize carbon vvdthout the tremendous loss of other ele-

ments I have already referred to. It enables us to

oxidize carbon and not iron or manganese or silicon

;

it enables us to oxidize phosphorus without oxidizing

iron or manganese ; it enables us to separate iron from

copper by oxidizing the iron without oxidizing the

copper; and these are only a few of the things that

the combination makes possible.

The important question is : Can such processes be

carried out economically, can they compete with pres-

ent processes ? When we started to develop these proc-

esses we had first worked them out theoretically and

we, too, wondered if they would really work in prac-

tice. We carried out an extensive series of tests on a

small scale and as these tests proved that it vvas pos-

sible to accomplish the oxidation of one element with-

out oxidizing others, we then designed and built larger

furnaces to try this process on a practical scale. Our
first practical furnace was of about 300 lbs. capacity

for making steel for castings. I have just presented a

paper before the American Electrochemical Society

at New York, on the 5th of this month, which goes

into more detail in regard to this process, but it may be

of interest to make a brief comparison with the con-

verter process used by many small steel foundries in

making high-grade steel.

In the converter process, molten low-phosphorus pig

iron is poured into the converter and blown with a

blast of air usually through tuyers near the level of the

metal, the air burning out the silicon, manganese, car-

bon and considerable iron. In these small converters

such as used in steel foundries the loss is very high

;

it is often more than 18 per cent of the weight of the

molten pig iron started with. True about 4j^2 per cent,

which goes to make up that 18 per cent, is carbon and

silicon which have to come out anyway, but there re-

mains a loss of 13 or more per cent which is so much

waste of metal. In a plant inaking only 20 tons of

molten steel per day, the value of this 13 per cent of

steel (for it would be steel if saved) would at $30
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per ton amount to over $23,000 per year, and m this

loss is included manganese and silicon which have to be

put back again by adding alloys, and their addition

entails further losses. These alloys, usually ferro-

manganese and ferrosilicon, serve two purposes
;
they

partly combine with the oxides in the iron which have

come from the air blown through the iron and sep-

arate out as slag, and part of them remains m the steel

and raises the percentage of these elements enough to

meet the specilications.

The process we have developed and which we are

calling an electric convertor process is carried out m

an electric furnace instead of a Bessemer convertor,

and the molten metal is blown with gas of regulated

composition instead of with air. The vessel must be

electrically heated because the reactions ot the gas on

the metal'do not supply much heat, as the correspond-

in^ reactions in the Bessemer process do. \\ e use a

gas which may be obtained from a cupola, or a gas

producer or from a blast furnace. This gas would

contain 6 or 8 per cent of carbon monoxide, CO. and

12 or 15 per cent of carbon dioxide, CO... Wheu

blown into molten pig iron this gas does not oxidize

iron or manganese and as pig iron usually contains

manganese in sufficient quantity to meet specihcations.

this process avoids replacing that element by expen-

sive alloy additions. The metal is heated to about

I 450° Centigrade and blown with this gas and the

carbon is taken out by it. The carbon is oxidized, but

not the iron nor the manganese. There is a small loss

of manganese by' vaporization, but this is so small that

after the carbon is out, the percentage of manganese

may even be larger than at the start.

In the small furnace which we have used to make

various grades of steel, we have been able to convert

pig iron into steel with a total conversion loss of only

about 2.5 per cent plus the weight of carbon burned

and including metal spilled in handling and left in

the furnace and this compares with a total loss of 15

per cent plus the carbon burned by the Bessemer proc-

ess in small converter.s. This furnace was heated by

induced electric currents in the metal. The process

is now installed and under test in a two ton furnace,

and we believe that the developments we have made

are a step toward the saving of that immense loss

which is going on today.

One of the most interesting applications of the proc-

ess has been in the production of manganese steel. As

is well known, manganese steel containing about 12

per cent manganese has very valuable properties of

strength and resistance to wear, which render it very

useful for such articles as railway crossings, rails,

crusher-jaws, safes and many similar things. The

scrap steel such as heads and gates, etc.. from castings

made of manganese steel contains a valuable amount

of manganese but in the melting up of manganese steel

scrap in cupolas much of the manganese is lost, and

when the melted mixture of scrap and iron is blown

in the converter, all the rest of the manganese not

already lost is oxidized. This tendency of manganese

to oxidize has made it practically impossible, at least

from a commercial standpoint, to make low carbon

manganese steel and the properties of such steel are

almost unknown. By applying our process it has

proved practical to melt manganese steel scrap into

pig iron and then remove the carbon without prac-

tically any loss of manganese, and it has further

proved practical to produce very low carbon man-

ganese steel in this way. The commercial saving re-

sulting from the utilization of the manganese that has

heretofore gone to waste is a most important consid-

eration to the manufacturer and this saving can be

accomplished at a cost very much less than the value

of the metal saved.

These examples of losses in steel processes are

characteristic of similar losses in the metallurgy of

various other metals ; in the process of converting cop-

per matte for removing the sulphur and the iron from

the copper there is an oxidation of copper which totals

up very high. Likewise in the metallurgy of lead

there is a similar loss and in the case of many other

metals. These losses can be prevented by the use of

electric heat for controlling temperature and simul-

taneously controlling- the composition of the gaseous

reagents.

The commercial practicability of such processes de-

pends on many factors but we believe that the losses

which can be prevented will in a great many cases

prove to much more than oiifset the cost of electric

heating.

The field of chemistry opened up by the electric fur-

nace is a most fertile one from the standpoint of scien-

tific research as well as on the practical side. We
need exact knowledge about all the metals and ele-

ments concerned in high temperature metallurgy, such

as the dissociation pressures of various metallic oxides

and the variation of these pressures with the tem-

perature. Such data will be of the greatest value to

tlie manufacturer so that there shall be an additional

incentive to its collection by scientific workers. By

mean's of such data and by the application of simple

physical and chemical principles in practical processes

I believe the chemist has in his power one of the

greatest means today of aiding the cause of conserva-

tion of our metals.

And to our Institute of Technolog}-, for the things

she stands for; for what she has done for us and is

doing for many others today, in training, in preparing

us to put up a good fight for things worth while
;
for

her inspiration and encouragement in helping us to see

even in a small way how the tasks she placed before

us would help in time to come, for all these gifts I

feel that I owe a debt to our Alma Plater that only

the greatest effort can pay even in part. For the

honor and privilege of being one of her sons I am pro-

foundly thankful.
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FUSIONS.

By H. C. PRITHAM.

It is not tlie writer's intention to claim anything new
in the following article, but merely to give his method

of fusing any material for anal_\'sis in the laboratory.

From observation I have found few chemists using

any such method and furthermore have had the pleas-

ure of instructing quite a number of very excellent

analytical chemists in the details of the same.

I have noticed in visiting many laboratories from

Boston to San Francisco that the majority use the

old method of fusing at a high heat and then running

the fusion up around the sides of the crucible. Some
allow the fusion to settle and cool somewhat, then put

the bottom -of the crucible in water and allow the but-

ton to "pop" loose. While I do not question the

accuracy of such methods, I do claim that there is an

unnecessary waste of time. In a commercial laborator}-

or a factory one for that matter, time is costly—very

costly. The most insistent demand on the head chem-

ist is "^^"hen can we have results?" and the telephone

is kept busy until they get them. too.

Any method of running a fusion around a crucible to

cool takes time and care to perform the operation and

in the subsequent digestion in hot water the fusion

dissolves slowly and if, as sometimes happens, consid-

erable of the fusion collects in a hard mass in the bot-

tom of the crucible, it certainly takes time and patience

to get it dissolved out. With the following method all

this is avoided. The crucible is almost entirely clean

from the fusion and the dissolving of the bottom is

very fast. The minimum of time is required to trans-

fer the liquid fusion to the digestion in hot water.

Many times in a commercial laboratory or a cement

plant one has to fuse 20 or 30 samples of clay or other

material in the morning and as a rule has about four

platinum crucibles to do the work in. The sooner the

chemist can make a fusion and get a clean crucible back

the more time he w'ill have to sleep that night. More-

over the wear and tear on the platinum is much less.

The sudden chilling of a crucible in cold water or the

squeezing in of the sides in order to loosen a fusion is

not beneficial : the platinuin gets brittle and loose. Con-

sidering the present price of $43 an ounce it is of inter-

est to take care of the crucibles.

My method is to take a shallow S-in. evaporating

dish and bend up a clay triangle so as to set in the cen-

ter of this. In the triangle put a 50 cc. nickel crucible

so that it is held solid and leave about an inch space

between the bottom of crucible and dish. Fill the dish

with cold water up to the triangle and you are ready

for business.

When the fusion is finished raise the heat for a min-

ute or two, remove the cover and at once f)our the

fusion into the nickel crucible by taking up the plati-

num crucible in the forcepts on one edge. This can

be done very quickly and easily with practice. Almost

all the fusion will pour out and will solidify at once.

Have a casserol ready half full of hot water, pick up

the nickel crucible in the forceps, tap it lightly on the

desk, and dump the button into the casserol. Keep the

casserol covered. The action of the hot water on the

hot button will disintegrate it. Add the platinum

crucible and cover and after a few minutes take them

out and rinse off. If necessary, rinse in acid into a

beaker using this acid when the fusion is made acid

for evaporation. Acid should not be added, however,

until the fusion is well dissolved. The button will leave

the nickel crucible clean, but if desired it can be rinsed

in hot water. If this is done be sure to have the

crucible perfectly dry before pouring the next fusion.

.\ little water will cause rather startling results when
the hot fusion is poured in on it.

In conclusion I would call attention to the fact that a

blast lamp is not necessary for fusions, contrary to most

te.Ntbooks. A good Bunsen will give all the heat need-

ed except in a few iron ores. The heat should be low

until the fusion is well under way. In no case should

the practice of turning on a blast-lamp for fifteen min-

utes be put up with.

The ( ierman sales of jxitash fur iijio are valued at

$36,500,000, against $13,600,000 in 1900, $6,500,000 in

1890, and $4,300,000 in 1880.

An article in the German Medical Weekly gives a

statistical survey of the medical profession for 1910.

Those practicing numbered 32,449, or 5.01 doctors for

each 10,000 of population, an increase of 480 over

1909. A still further growth may be expected, the

number of medical students having risen from 9,239

in 1909 to 11.125 in 1910. The increase in number of

physicians was mostly in the cities ; of the 480 addi-

tions, 329 went thereto. For each 10,000 inhabitants

Berlin has 12.32 doctors, Wiesbaden 22.6, Munich 16.6,

Stuttgart, 9.7, Dresden 9.2, Leipzig 8.3, Chemnitz 5.6,

I'lauen 4.8, and Gelsenkirchen 4. The number of

female doctors has risen from 55 in 1908 and 69 in

iiP9 to 102 in 1910; of these Berlin has 32, Munich 6,

Frankfort 6, Dresden 6, and Hamburg 4, The num-

ber of female medical students has risen from 371

to 512.
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A VOLUMETRIC METHOD FOR ANTIMONY
IN ALLOYS.-

By GEORGE S. JAMIESON.f

The object of this paper is to describe an appli-

cation of L. W. Andrews' iodate method^ to the de-

termination of antimony in alloys, particularly "hard

leads" and solders. The method is satisfactory be-

cause it is not interfered with by copper and iron,

metals which frequently occur in small quantities m
these alloys, and because it is rapid and accurate.

Two other iodimetric methods have been compared

with this by the writer with less satisfactory results.

Tlie first, which is based upon getting the antimony

into the pentavalent form in dilute hydrochloric

acid solution, adding potassium iodide and titrating

with sodium thiosulphate, gave good results in the

absence of copper and iron, but was unsatisfactory in

the presence of these metals. The other method, de-

pending upon getting the antimony into the trivalent

state in a sodium bicarbonate solution and titrating

with iodine was found to give poor results, particularly

with alloys containing much lead, as even when tartaric

acid is used, the lead carbonate precipitate appears to

hold antimony, thus causing low results.

Andrews showed^ that his iodate method was satis-

factory for antimony by applying it to pure tartar

emetic. The method has been further tested by the

writer by dissolving weighed quantities of Kahlbaum's

pure antimony in concentrated sulphuric acid and

titrating it as described beyond. It is to be observed

that this titration is carried out in the presence of

15-20 per cent of actual hydrochloric acid, which gives

iodine monochloride as the end-product, according to

the equation 2SbCl, + KIO3 + 6HC1 = 2SbCl, -f

KCI + 10 + 3H2O. The potassium iodate solution

which was used throughout the entire investigation

contained 3.5667 grams of KIO3 per liter, correspond-

ing to 0.00400 gram of antimony for i cc.

The following results were obtained

:

Sb .taken.
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any iron that may be present, filler, wash with i : i Rlair. In the ferrous ammonium sulphate sohition

hydrochloric acid, and titrate as usual. This process half the sulphuric acid was replaced by phosphoric

was tested by the use of alloys mixed with known acid, as suggested by Dr. C. P.. Dudley. The end
quantities of pure metallic arsenic with the following point is rendered a little sharper by. this modification

results

:

as the color due to the iron is less intense

^'^,!f
"^"-

"t,^"- Sb^S: i:\^^y. .

The solution of n.anganous sulphate for standard-

0.5000 0.00.50 4.72 4.72 izing the permanganate was carefully analyzed, the

0:2m oxim 12.00 llOO
manganese being determined in weighed portions of

o!2000 0.0.520 12.10 12,00 the solution both as sulphate and as pyrophosphate
'•'*'''" ^'^''^"

^'^^ '••** The results by these two methods were concordant.

THE DETERMINATION OF MANGANESE BY
'^^'^ permanganate ^yas standardized against the

THE SODIUM BISMUTHATE METHOD.^=
manganous sulphate solution, and also against pure
horensen soduim oxalate, as well as against the "Sib-

BY PAUL H. M.-P. BRINTON. '^-^ " standard iron ore issued by the Bureau of Stand-

^ [
ards. In standardizing against the ore, the iron was

Til- ,1 ^ ui i 1 i- 1 1 1

reduced with amalgamated zinc in a Tones reductor
In lookmg over the tables ot analyses furnished bv „ . .

'^
j^'iv.^ icuu.,lui.

,10 ' *• c. J 1 ,. \x- 1
• \ -^1 .. '

i he titer obtained bv the sodium oxalate was identical
the Bureau ot Standards at Washington with its ana- •

, , , ,
'

,
^ "a:^ iuciiun.<n

, , , r , , T . 1 .1 \ .t c r ^^"'th that bv the standard ore.
Ivzed samples ot steel. I noticed that the figures for

manganese obtained by those chemists who\ised the
Five of the standard steels were analyzed, the last

sodium bismuthate method were in nearly all cases ™''^. '^^'"? ^ vanadium steel. Table I shows a com-

a little lower than the general averages obtained bv all
P^rison between the results obtained by taking the

otlier methods. The differences were small, generally
st''en§rtli of the permanganate as determined by the

from 0.02 per cent to 0.03 per cent, but as I had "^^nganous sulphate method, and by taking it as de-

noticed the same thing in using the bismuthate method
termined by sodium oxalate or by the '-Sibley" ore.

myself, I had a curiosity to learn the cause of this
^" ^''^^'^ determinations the theoretical conversion fac-

tendency of the process. I have ma<le a little series of
^°" ^''^^'''^ "*^^'

•

^'a^QO, to Mn 0.16024, and Fe to

analyses and experiments, the results of which may be • " •

9o7-

of some interest, especially to those who have not yet
^''^'''

p^^. ^^^^^ manganese,
adopted the method in regular work. Bureau of Standards aver-

As is well known, the method depends upon the Found ,vith'MnSO: as pril luiO 0.022 oJl^J Utl S
oxidation of manganese to permanganic acid bv adding "^ary standard 0.411 0.920 0.758 562 665

solid sodium bismuthate to the cold nitric solution o^f ^^"^^ iroll'ore'^'afpnmary
'''' '•''' '•''"' ^•''' '•'''

the sample. The excess of the bismuthate is filtered standard 0.398 0.890 0.733 0..544 0.644

ofl:' on asbestos, a measured excess of ferrous am- ^™'" *^^^^ figures it is seen that the results come

monpium sulphate solution added to the filtrate and the
somewhat low if the permanganate is standardized

latter then titrated back with potassium permanganate, ^^a-'nst sodium oxalate or against an iron connpound.

The method was originated by Schneider,' who used
''^"'' *^|^^ theoretical conversion factor used. It is in-

bismuth tetroxide, and subsequently developed bv
^^''^sting to note that the results in this table obtained

Roddrop and Ramage,=^ and by Brearlev and Ibhot-
'^>' ^}^^ '^"'^'" method agree very closely with those

son.-'' Blair^ states that the sodium bismuthate method
obtained by the analysts who used the sodium bis-

is not only remarkable in its simplicity and ease of
'""thate method in the analyses published by the Bu-

manipulation. but that for samples containing not over
'"'^^^^ °^ Standards with these samples. (The vanadi-

2 per cent manganese it is the most accurate process "'" ^^^^^ '^ ^^ exception.)

known. The purpose of my work was to check up
^he results obtained by standardizing the perman-

Blair's results (and those of the earlier workers also)
i^^nate against the manganous sulphate solution are

and to confirm, if I could, his statement as to the
'"gh'-V satisfactory, and a great many determinations

accuracy of the method. which I have made in addition to those given in the

My analyses were made on various samples of the
*^^'^ '^^^'^ convinced me that the degree of accuracy

Bureau of Standards steels. I think we may take the
^''^''^ *.'''°"'" '^^'^ ^^ regtilarly attained

;
and the process

averages given out by the bureau, coming as they do
'* "^ ^""P''^ t'l^t "o unusual manipulative dexterity is

from a varietv of independent sources'^ as figures
"ei'-'ired to insure correct analyses. In fact it is hard

which represent the highest attainable accuracy in
*° 8° wrong with the methods, after the correct titer

practical work. The methods and solutions were used,
^°'' *''^ permanganate is once obtained,

in the analysis of the steels, just as they are given by
^^^^ standardizing against a weighed quantit_y of—-- -

b
. manganous sulphate solution is the most accurate

•Paper read at the Minneapolis meetiner of thie A.merican ^i j i r ,i , , . , . .

Chemical Society. ^ '"^ American method known for the purpose here desired, it is also
'Dingl. Polytech., 269, 224. ,, , ,. ,. •

.

"J- Chem. See, 67, 26S; see ai.so H. Raniage. chem. News, S4.
'"^ '"o** tedious. It requires a gravimetric determiiia-

^ichem. News, S2. 269: 84, 247. tion of the manganese iiT the solution, and upon this

Ed-';- ^Te?fet ^°'- '' ''' ^'^'' •^'""^- ^"^'- °f I™"'" "'
result depends the accuracy of the whole process. A
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slight error made at this point introduces serious dis-

crepancies in the final results.

The simplest method of standardizing is agamst

pure sodium oxalate ; but since the figure obtained m

this wav brings the results too low we must use an em-

pirical factor!' The ratio sNaX.O,: 2Mn calls for the

figure 0.16024, but to obtain correct results I find that

the factor 0.1656 must be applied.

Since permanganic acid has a certain tendency to de-

compose in dilute nitric acid solution, particularly in

the presence of much ferric nitrate, it was deemed ad-

visable to investigate the rate of decomposition. Re-

ferring to the solution after the excess of bismuthate

has been filtered off and when it is ready to receive

the ferrous ammonium sulphate and be titrated back

with permanganate, Blair^ says: "At a temperature

of 5° C. the solution will remain unaltered for several

hours, but at 40° C. fifteen minutes will show an ap-

preciable change." The temperature of a laboratory

is never so low as 5°, nor so high as 40°, so to see what

danger from this decomposition would be if artificial

cooling were not resorted to, I made the following

series of determinations on the 0.760 per cent man-

ganese steel from the Bureau of Standards. The tem-

perature of room and solutions was 21° C.

Table II.

Found.
Per cent Mn.

1 Run strictly according to Blair. The filtration took

4 minutes, and the ferrous ammonium sulphate

was added and excess titrated immediately.^ .... 0.760

2 Process same as before, except that after filter-

ing, an interval of 12 minutes was allowed before

adding ferrous ammonium sulphate and titrating 0.758

3 Same, but an interval of 2-5 minutes was allowed. . 0.755

4 Same, but an interval of 55 minutes was allowed.. 0.750

5 Same, with an interval of 1 hour and 30 minutes.. 0.740

From these figures it appears that a delay of ten or

fifteen minutes is practically without effect under

ordinary conditions. Twenty-five minutes causes a

slight lowering of the results, and a longer time than

this has a decidedly unfavorable influence.

It may be mentioned in passing that a large excess

of bismuthate is inadvisable, since it not only increases

the cost of the process, but also tends to clog the filter

rapidly so that fewer filtrations can be made on the

same asbestos felt. Just enough bismuthate should be

used so that a slight excess is plainly visible in the

bottom of the flask or beaker.

As regards the application of the method to iron

ores low in manganese, I find the method advised

by Blair, i. e., treatment of the sample with 10 cc.

water, 4 cc. H2SO4 and 10—20 cc. HF in a platinum

dish or crucible, somewhat tedious ; and that it requires

so large an amount of platinum if many samples are to

be run is a further disadvantage. I prefer to dissolve

the ore, about i gram, in 12 cc. of concentrated hydro-

chloric acid in a 4-oz. Erlenmeyer flask, evaporate

almost to pastiness, and then add 4 cc. of concentrated

sulphuric acid. By boiling down to heavy fumes over

a free flame, manipulating the flask in a holder, the

for chlorides can be obtained with silver nitrate. The
hydrochloric acid is so completely expelled that no test

iLoc. cit.

residue is then taken up with 50 cc. of nitric acid, sp.

gr. 1. 135, and finished as usual. The process is quite

rapid and the results very accurate. A few ores will

not yield all their manganese to this treatment, so if

the residue appears dark after taking up with nitric

acid, it should be filtered off, fused with a very small

amount of potassium bisulphate and added to the main

portion. It should be noted that this same treatment

of the residue may be necessary with some ores even

when using the hydrofluoric method of attack. The

fact that the method as above given does not eliminate

the silica is not really a drawback, since the silica is

obtained in a form which does not seem to clog the

filter much.

Attacking the ore by fusing with sodium peroxide

was also tried and it proved fairly successful. Were

it possible to procure iron crucibles free from man-

ganese this would be the ideal method. -Since that

seems to be impossible at present. I had to use nickel

crucibles. It should be noted that some nickel con-

tains traces of manganese, but not, I believe, as a rule.

In using this method, i gram of ore is fused with

about six grams of sodium peroxide at as low a heat

as possible. A minute or two in liquid fusion is all

that is necessary. The crucible and contents are

treated with water in a covered beaker, and when the

action is over the crucible is removed and one-third

the volume of concentrated nitric acid added. The

solution is boiled until all hydrogen peroxide is de-

composed and everything dissolved but some mangan-

ese dioxide which has been precipitated. Ferrous sul-

phate is added until the manganese is reduced, the

lower oxides of nitrogen are boiled off, and the

analysis is finished as usual. The crucible is consider-

ably attacked, but if the heat is kept low a dozen

fusions may be made in a crucible before it is unfitted

for further use. The color, due to the nickel, tends to

obscure the end point with permanganate somewhat,

but after a little practice the point can be readily seen.

SUMMARY.

1. Corroboration of Blair's statement that for

small amounts of manganese the bismuthate is the

most accurate method known.

2. When the potassium permanganate is stand-

ardized against sodium oxalate or iron, and the titer

theoretically calculated, the results come out too low.

A gravimetrically standardized manganous sulphate

solution is the correct primary standard, but as this

method is more inconvenient than the sodium oxalate

method, it is suggested that pure Sorensen sodium

oxalate be used, and that tlie empirical factor 0.1656,

and not the theoretical factor 0.16024, be used in the

conversion of the sodium oxalate figure to that for

manganese.

3. The decomposition of ores by the hydrochloric

and sulphuric acids method is suggested as being fully

as accurate, more rapid and perhaps more convenient

than the hydrofluoric and sulphuric acids method.

Fusing the ore with sodium peroxide is recommended

as a method suitable for refractory ores.
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METHOD OF TESTING GALVANIZED
IRON TO REPLACE THE

PREECE TEST.-

By WALTER A. PATRICK AND WILLIAM H.
WALKER.

Some time ago one of us' piibli.^hed a paper on the

testing of galvanized and other zinc-coated iron, in

which it was sliown that the so-called Preece Test

was unsatisfactory from many points of view, al-

though no alternative method was shown to be equally

available. This study has been continued, and it is

now believed that a satisfactory substitute can be

given.

The Preece Test consists in placing the piece of

galvanized iron to be tested, in a solution of copper

sulphate under standard conditions, and observing the

number of one-minute immersions which can be made

before copper in a bright adherent form will plate out

on the article. The accuracy of the test depends upon

the following assumptions : First, that the zinc will

pass into solution and be replaced by copper at a defi-

nite rate, and hence the tivie taken to dissolve a gal-

vanized coating will measure its thickness ; second, that

the galvanized coating is homogeneous and that the

speed of the reaction between the coating and copper

sulphate is constant, that is, the rate of solution is

uniform; third, that when the iron base is reached

the copper will plate out on the iron in a bright ad-

herent film, in contradistinction to the black spongy

form in which it appears upon the zinc coating, and

that no bright copper will be seen until the iron base is

thus uncovered.

STRUCTURE OF ZINC COATING.

The correctness of the first two assumptions de-

pends upon a homogeneous structure of the galvanized

coating. Although a detailed description of the struc-

ture of the diiiferent forms of zinc-protected iron now
on the market will form the subject of a later paper,

we will point out at this time that this structure is such

as would almost certainly preclude the possibility of

the Preece Test being a valid one.

The coating of an ordinary hot dipped sheet or

wire is made up of three well defined parts, namely,

the iron base or foundation upon which the coating

rests, then a layer of an iron-zinc alloy, and next to

this the layer of zinc. The thickness of the alloy de-

pends upon the temperature of the galvanizing bath,

the length of time the iron is in contact with the molten

zinc, and upon the flux which is used. In a previous

paper, one of us^ stated that this layer of alloy was

electro-negative to the iron. This was an error intro-

duced by the use of measurements of absolute poten-

tial, and which we herewith desire to correct. The

alloy is much less electro-positive than zinc, but is not

electro-negative. Since the rapidity with which the

•Journal of Industrial and Engineering Chemistry.
'Walker, Proc. Am. Soc. Testing Materials. 9, 431,
"Loc. clt., p. 432.

zinc or zinc allo\- will pass into solution, and an equiva-

lent weight of copper be precipitated in its place, is a

function of the difference of potential between the two

metals, it will be seen that the rate of solution must

of necessity change as we pass from the zinc to the

alloy. The so-called sherardized iron and some kinds

of electro-galvanized iron consist so largely of an iron-

zinc alloy that any test or measurement based upon

an assumed uniformity in rate of solution is liable to

grave error and untrustworthy.

SPEED OF SOLUTION.

When a piece of clean zinc is placed in a reasonably

concentrated solution of copper sulphate, the rate at

which zinc will pass into solution and an equal num-
ber of copper ions be precipitated as metallic copper

will depend upon the concentration of the copper ions

in the solution in the immediate vicinity of the metallic

zinc. If for any reason the solution become depleted

in copper ions, the speed of this interaction will de-

crease. This is just the condition which obtains when
a one-minute immersion is used in the Preece Test.

For the first few seconds the reaction is very rapid,

but as the spongy copper forms on the surface of the

zinc it becomes more difficult for the zinc ions formed

to get away, and fresh copper ions to reach the metallic

zinc, so that at the end of a minute the reaction has

practically ceased. When the sponge of precipitated

copper is removed and the test piece replaced in the

solution action again begins vigorously but again

falls off. It can easily happen, therefore, that the

iron base will be practically exposed at, say, the end of

the second minute, and yet no bright copper will be

seen until the sponge is removed at the end of the third

minute. The test will thus be classed as a three-dip

piece, while in reality it is but a trifle over two-dip,

and an error of 33 per cent is thus introduced. In fact,

we have seen galvanized iron which showed areas of

no coating whatever. The Preece Test would indicate

such wire as one dip when in reality it was zero-dip

wire.

APPEARANCE OF BRIGHT COPPER.

It has been proposed to provide against the above

difficulty by using a number of ten-second immer-

sions instead of one-minute immersions. But a new
difficulty here arises. As is well known, when a piece

of iron is placed in a neutral copper sulphate solution

iron passes into solution and copper plates out in a

bright adherent film. The appearance of this bright

copper is taken in the Preece Test as an end point, and

as a proof that the zinc has all been dissolved and the

iron base exposed. The fundamental error here intro-

duced can be easily shown by immersing a piece of

smooth spelter or sheet zinc to a number of ten-second

immersions in the Preece copper sulphate solution. In

a short time a point of bright copper will appear which

as the test proceeds will spread over the entire surface,

and were the specimen being tested a galvanized article

instead of one of pure zinc, the totally erroneous con-

clusion would be reached that the iron base had been
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uncovered, and the test concluded. This layer of

bright copper is formed more easily on the zinc-iron

alloy than it is upon pure zinc. Care must be taken,

therefore, in carrying on the Preece Test to avoid con-

ditions which would subject the test specimen to a

dilute copper sulphate solution, such as obtains when

the specimen is frequently rinsed with water, and to

.

avoid a burnishing or rubbing action when the speci-

men is cleaned.

We attempted to show the change in rate of solu-

tion as we passed from the zinc layer, to the zinc-alloy

layer, by plotting the loss in weight of coating against

the time of immersion. Owing to this irregular tend-

ency of the copper to remain attached to the coating

and to more or less protect the coating underneath

from solution, the results were altogether misleading.

Although this abnormal appearance of bright copper is

much less liable to occur when one-minute immersions

are employed, no dependence can be placed upon the

end point as thus obtained.

C.\rSTIC SOD.\ METHOD FOR TESTIXG CO.\TIXG.

We have already pointed out that hot concentrated

caustic soda will dissolve the zinc coating when placed

in contact with iron. Under some conditions an alloy

very high in iron is left upon the iron base. Alto-

gether the method is not a convenient or a rapid one.

and therefore we desire to propose the following sub-

stitution for the Preece Test, devised by Mr. Patrick.

B.XSIC LE.AD .\CETATE METHOD.

When a zinc-coated iron article, free from the prod-

ucts of corrosion, is placed in a basic lead acetate solu-

tion at ordinary temperature, the coating passes into

solution and an equivalent amount of metallic lead is

preci[)itated in a loosely adherent form upon the speci-

men. This lead is easily removed and the coating de-

termined by measuring the loss in weight of the test

specimen, or the lead precipitated. The reaction is

retarded by the precipitation of the lead and therefore

when a heavily galvanized piece is being tested this

lead must be periodically removed. Either a volu-

metric or a gravimetric method for determining the

coating may Ije employed, according to whether a bal-

ance is available or not. If the volumetric method is

used, this lead must be preserved, while if the speci-

men be weighed the lead may be discarded, unless on

account of the size of the specimen it is found desir-

able to collect and weigh the lead. When the iron-zinc

alloy is thus dissolved, the iron of the alloy passes into

solution and existing as basic iron acetate colors the

solution red as it oxidizes. If desirable this iron can

be determined by weighing as oxide, or by titration

with standard oxidizing solution. When the coating-

has all been removed and bright iron only is visible,

either the lead is quantitatively determined, or the iron

base is dried and reweighed.

SAMPLE.

The size of sample must of necessity depend upon
the material under investigation. In the case of sheets

or plates a piece 2 by 2 inches, and for wire a piece 3

to 6 inches is desirable, according to the gauge. The

size of the wire and sheet should not vary more than

1-64 inch plus or minus. The longer the test piece, the

smaller is the percentage error of measuring. The
specimen should be weighed if the gravimetric meth-

ed described below is to be employed, to three decimal

places if possible.

SOLUTION.

The solution should be made up as follows : 400

grams of cr}stallized lead acetate are dissolved in one

liter of water and four grams of finely powdered

litharge added. The mixture is shaken until most of

the litharge is dissolved. Any insoluble residue may
be allowed to settle to the bottom from which the clear

solution is later decanted and diluted to a specific grav-

ity of 1.275 3t 15.5° C. This produces a solution of

basic lead acetate which dissolves zinc and zinc-iron

allo\- but does not attack the iron base.

METHOD OF IMMERSING.

Enough of the lead acetate solution should be em-

ployed to completely cover the specimen, and, on the

other hand, the specimen should be so placed in the

containing vessel that the zinc is completelv exposed

to the solution. This is a matter of detail that will

vary with the form of the specimen, but wire should

be placed on end and sheets on an edge, in order that

the zinc acetate formed may readily pass oiT into solu-

tion. Tall, narrow, glass cylinders are desirable for

the wire, while beakers or thin glass water tumblers

may be used for sheets or other forms.

TIME OF IMMERSION.

The test specimens should be allowed to remain in

contact with the solution for three minutes. The

adherent lead is then removed from the speci-

men with the hands, a rubber "policeman," or a

stif¥ brush ( into preferably another beaker or tumbler,

if the lead is to be determined). A burnishing action

must be avoided as under some circumstances closely

adherent lead may be plated out on the zinc. The
specimen is then replaced in the lead acetate solution

and after another three-minute immersion the

lead is again removed as before. This is repeated until

the bright surface of iron is exposed. Four three-min-

ute immersions are usually sufficient. The bright iron

base differs so radically in appearance from both the

spongy lead, or even lead in the form of a bright ad-

herent film, that a lack of uniformity in the thickness

of the coating is readily detected. This is an important

point in testing wire. A thin place on the wire may
frequently show the bright iron surface after the first

immersion ; we have found some specimens of gal-

vanized wire which over considerable areas carried no

coating at all. On such places no lead is precipitated,

and the bare iron easily recognized.

DETERMIN.\TION OF COATING.

(A) If a balance be employed the bright iron piece

is now thoroughly washed with water, rinsed in alco-
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liol. and (Irii'il and woighed. The difference between

the fn-st and second weighings gives the weight of

coating on specimen employed. Suitable factors for

converting this into weight per unit area are given

later ; but. for example, if exactly 6 inches of wire be

used, the weight of coating in grams as above deter-

mined, multiplied by 23.31, gives the weight of coating

in poinuls per mile of wire. This value can be readily

calculated into pounds of coating per ton of wire if the

weight of the wire per foot be known. If the weight

of the test specimen be very large with respect to the

weight of the coating, small errors in weighing in-

validate the accuracy of the test. In this case it is best

to collect the lead either on a Gooch crucible, and wash

with boiled water and weigh, or to gather it together

into a lump and weigh after washing with boiled water

by decantation.

(B) If no balance be available the weight of zinc

per mile or per unit area can be determined volumetric-

ally as follows : The accumulated lead from the speci-

men is washed by decantation several times with hot

water previously boiled, until free from lead acetate.

This is very readily accomplished. The metallic lead is

dissolved in a small quantity of hot concentrated nitric

acid, for example, two cubic centimeters. This solu-

tion is then neutralized with a slight excess of am-

monia and without filtration re-dissolved in acetic acid.

A standard solution of potassium chromate (K.XrOi)

is prepared containing exactly 12.624 grams per liter.

Potassium chromate reacts with lead acetate, giving

yellow lead chromate. On the other hand, silver chro-

mate is deep red. So long as there is any lead acetate

in the solution, the potassium chromate will unite with

this lead acetate, so that if a little of this solution be

placed on a paper containing silver nitrate no reaction

will be observed. The moment enough potassium chro-

mate is added to entirely precipitate the lead, the first

drop of excess of potassium chromate will color silver

nitrate paper red and thus determine the end-point of

the reaction. By measuring from a burette, therefore,

the exact number of cubic centimeters necessary to

give the first indication of red with silver nitrate paper

and using the following factors, the weight of zinc per

unit area can be directly computed.

For Wire.
Factor for converting cubic

centimeters into lbs.

coating per mile.

0.60

0.30

0.20

0.15

For Sheets.
Factor for converting cubic

Size of test centimeters into ounces
specimen. coating per square foot.

1 sq. inch 0.0213

4 sq. inch 0.0053

It is apparent that working charts may easily be

prepared from which the data desired can be read off

directly. The following formulae express the relation-

ships most frequently used

:

Let X = pounds coating per mile of wire.

Let Y = ounces coating per square foot of sheet.

Let N = cubic centimeters potassium chromate solution used.

Let L = length of test piece in inches. ,

Let S ^ area of test piece in square inches.

Let G = loss in weight in grams.
130.85 X G

X =
L

0.00 X N

Length of test piece

taken in inches.

1

2

3
'.'.'.'.'.'.'.'.

4

L
5.090 X G

S
0.0213 X N

The manufacturers of both sheets and wire publish

small handbooks which may be had for the asking,

giving the gauge, relation of weight to area and length

and other data for further calculations.

The following results obtained by this method on

three samples of No. g gauge wire are fairly repre-

sentative of the accuracy attainable

:

Length of Test Specimens. Three Inches.
Lbs. coating

Sample Loss of Lbs. coating per per ton

No. 1. weight. mile of wire. of wire.

Analysis 1 o.lo30 4.81 31.07

Analvsis 2 o.loiO 4.75 30.68

Analysis 3 0.1025 4.79 30.94

Analysis 4 0.1035 4.86 ^ 31.39

Lbs. coating Lbs. coating

Sample Loss in cc. K=CrOi per mile per ton

No. 2. weight. used. of wire. of wire.

.Analysis 1 M.1845 .... 8.65 55.23

Analysis 2 42.7 8.54 55.17

Analysis 3 42.6 8.52 .55.04

Analysis 4 42.8 8.56 55.29

Sample
No. 3.

Analysis 1 . . . . o.lii.Mi .... 4.93 31.85

Analysis 2 24.8 4.96 32.04

Analvsis 3 24.6 4.92 31.78

Analysis 4 24.7 4.94 31.91

DETERMINATION OF IRON IN ALLOY OF COATING.

The iron which is in combination with zinc in the

coating as an iron-zinc alloy will pass into solution as

iroti acetate and can be determined as follows: The

combined lead acetate employed for the sample, to-

gether with the wash waters from the metallic lead,

is heated to boiling and the lead precipitated with a

slight excess of sulphuric acid, the iron oxidized with

nitric acid, and precipitated with ammonia, washed

and weighed as iron oxide. Or if no balance be avail-

able, it may be washed, re-dissolved in sulphuric acid,

reduced with zinc, and titrated with standard potas-

sium permanganate solution. An idea of the amount

of iron in the different kinds of zinc-coated iron may
be obtained by the following results obtained from

products found in the open market

:

Iron in coating.

Kind of material. Per cent.

Ordinary hot dipped sheet 2.26

Sherardized plate 11.70

Wet galvanized (electro deposited) sheet trace

Wet galvanized (electro deposited) sheet 7.46

NOTES.

(i) In order to insure the absence of free acetic

acid, and to eliminate any danger of the iron base

being attacked, enough lead oxide is added to render

the resultant solution slightly basic.

(2) It is important to immerse the test specimen
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for periods not shorter than three minutes at a time.

Otherwise a coherent deposit of lead may be formed.

(3) In the case of articles that are weathered, or

have been subjected to corrosion, it is necessary first

to remove the layer of zinc salts from the surface by

immersion in dilute hydrochloric acid. In such cases

the gravimetric determination by difference must needs

be used to obtain accurate results.

(4) In washing the metallic lead free from lead

acetate, it is necessary in very accurate work to use

water previously boiled to free it from oxygen and

carbon dioxide.

(5) In order to obtain exact lengths of wire, it is

well to cut the specimen a little longer than desired

and file to exact measurement.

(6) The presence of a deep red color in the lead

acetate after a test must not be taken as indicating

a large amount of iron. Traces of iron as basic ferric

acetate produce a strong color.

(7) If the iron is determined by titration with

potassiuni permanganate, it is necessary to first re-

move it from the acetic acid, as with acetic acid potas-

sium permanganate titration is not accurate.

(8) The size of the specimen which can be taken, if

the volumetric method be used, is limited by the

amount of potassium chromate solution required for

reacting with the precipitated lead. Three inches of

wire are all that are necessary, except that greater

accuracv in measuring is obtained by using a longer

piece.

(g) Even when employed in the same way in

which the Preece Test is used, the lead acetate solu-

tion has important advantages over copper sulphate

in this : that a bright copper surface on the zinc cannot

be distinguished from the bright surface on the

iron base. In the lead acetate solution, bright adherent

lead mav be precipitated, but cannot be mistaken for

the bright iron. Hence, if it is desired to make a

rough test for uniformity of coating on a wire, one-

minute dips may be employed, and the uniformity with

which the bright iron appears indicates the evenness of

the coating.

PREVENTION OF UNNECESSARY WASTE
OF NATURAL GAS FROM WELLS.

The authorities of Amsterdam are considering the

establishment of a factory to make briquets of street

sweepings and rubbish. The product to be worked up

amounts to 140,000 tons a year. The factory will cost

$200,000, and will require $100,000 a year for operat-

ing expense. It is believed it will yield a profit of over

$20,000 a vear.

The rubber shipments from Mexico during the five

months ended Xovember, 1910. aggregated in value

$4,970,000 gold, against $2,148,000 in the same period

of 1909, and only $1,480,000 in the same period of

1908. This was exclusive of guayule rubber, which

totaled $2,550,000 in the five months last year, com-

pared with $1,700,000 and $564,000 in the respective

periods of 1909 and 1908.

(Governor Johnson of California has approved the

act suggested by State Mineralogist Aubury, and

passed by the California Legislature at its recent ses-

sion, which provides a penalty for permitting the un-

necessary waste of natural gas from wells. The date

of approval was March 25, 191 1. The act is there-

fore in effect. The text of the measure is as follows

:

Section i. All persons, firms, corporations and

associations are hereby prohibited from wilfully per-

mitting any natural gas wastefully to escape into the

atmosphere.

Sec. 2. All persons, firms, corporations or associ-

ations digging, drilling, excavating, constructing or

owning or controlling any well from which natural

gas flows, shall upon the abandonment of such well

cap or otherwise close the moutli of or entrance to the

same in such a manner as to prevent the unnecessary

or wasteful escape into the atmosphere of such nat-

ural gas. And no person, firm, corporation or asso-

ciation owning or controlling land in which such well

or wells are situated, shall wilfully permit natural gas

flowing from such well or wells wastefully or un-

necessarily to escape into the atmosphere.

Sec. 3. Anv person, firm, corporation or associa-

tion who shall wilfully violate any of the provisions of

this act shall be deemed guilty of a misdemeanor, and

upon conviction thereof, shall be punished by a fine of

not more than one thousand dollars or by imprison-

ment in the county jail for not more than one year, or

by both such fine and imprisonment.

Sec. 4. For the purposes of this act each day dur-

ing which natural gas shall be wilfully or unneces-

sarily allowed to escape into the atmosphere shall be

deemed a separate and distinct violation of this act.

Sec. 5. All acts or parts of acts in conflict here-

with repealed.

Sec. 6. This act shall take effect immediately.

The necessity for a measure of this kind arose from

the fact that at different places in the state where wells

have been drilled for oil and other purposes, only gas

has been met with. \Miere it has been possible to utilize

this gas for domestic or other purposes, it hai been

done, but there are many instances where the wells

have been abandoned and countless millions of cubic

feet of gas have been allowed to go to waste in the

atmosphere and no attempts were made to cap the

wells. Some of these wells have been flowing for

years. Demonstrations that gasoline can be profitably

extracted from natural gas have been made in Ohio,

West A'irginia and Pennsylvania, where a number

of plants have been installed. It is reported that a

large plant is soon to be established in Kern County

on the Honolulu Gas Well, where it is expected to

handle 4,000,000 cu. ft. of gas daily, which is expected

to vield 8,000 gals, of gasoline per day.
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APPLICATION OF HIGH PRESSURE
TO FURNACE USE.-

GAS

.Many years' experience in tlie employment of coal

gas for heating purposes have led me to the con-

clusion that the methods commonly employed—that

is, taking the gas from the mains and consuming with

some form of Bunsen burner—are not only wasteful

of gas, but are quite incapable of giving anything like

a constant temperature, where that is desired, or, of

heating any given kind of oven, or other apparatus

to the same temperature in the same time in consecu-

tive operations. A\'ith the ordinary burner and gas of

the same composition, the variation in time of heat-

ing up a given furnace to a certain temperature may
vary in consecutive days as much as two hours. It is

impossible for the best of workmen to judge of the

temperature or heating power of a flame by its ap-

pearance, or to regulate the air supply to a gas sup-

plied directly from the main in which the pressure is

constantly changing. ^lany times T have observed the

most erratic behavior of gas-fired furnaces using raw

gas from a main—variations of from 1,200 to 1,620

cu. ft. per hour not being at all uncommon, with now
and then an explosion, owing to irregular air supply.

When such an accident occurred, several neighbor-

ing furnaces or ovens were generally put out of action.

To obviate these irregularities and fluctuations, I

employ a high pressure gas capable of working up to

160 ins. of water. High pressure gas lighting has a

limit of about fio ins. water pressure. .\ir is drawn

in at ordinary atmospheric pressure in both cases.

.\ rotary exhauster and compressor draws the gas

from the mains and supplies it at any desired con-

stant pressure to the burners; any surplus gas is

passed back again, and therefore does not interfere

with the pressure as delivered from the burner noz-

zles, nor is it registered again in the meter. Varia-

tion of pressure in mains has no effect. Until gas is

supplied from the works at high pressure, a small ap-

paratus similar to this is necessary if high pressure

gas is to be employed for heating.

Although some towns have high pressure gas mains,

the gas does not appear to be used for heating, but

merely for transmissional purposes, and is governed

down to some ordinary pressures. In Birmingham,

Dr. Davidson, the chief chemist to the corporation,

and Mr. Barrett, the lighting superintendent, seems

to be alive to the possibility of its use for heating

"From tlie Journal Society of Chemical Industry.

purposes, and a high pressure main is now being in-

stalled in that city. The gas meters for high pressures

seem to present some difficulties, however.

Assuming the ma.ximum consumption of gas in a

small laboratory plant to be 500 cu. ft. per hour, and

that JOG ins. pressure is sufficient to meet all condi-

tions, the valve acts directly the machine is put to

work, and if 300 cu. ft. of gas is used, the surplus

200 ft. is by-passed back into the inlet main. The

pressure would therefore be a constant one, whether

one foot or 500 were consumed. The gas pipe need

be only one-half the usual size, or half the size of the

coinpressor outlet. The inlet pipe to compressor

should be of full size. Having fixed the compressor,

any temperature can be obtained by simply turning on

a gas tap. Assuming the highest temperature re-

quired be 2500° F. or thereabouts, 100 ins. should suf-

fice, and that can be the standard pressure. .Suppos-

ing there are four furnaces in which different tempera-

tures are required. The first furnace is to be heated

to say 2600° F. and the gas taken directly from the

standard pipe. The second furnace requires 2000° F.

only
; 70 ins. pressure will suffice for this, and can be

obtained by reducing tap or governor, care being taken

in the first instance to have a gauge to show what the

pressure actually is. The third furnace requires 1000°

F. : for this 35 ins. pressure should suffice, .\gain, a

pressure gauge is necessary, so that the tap at the

burner can be fully open and not throttled. The

fourth furnace may be, say, for melting lead only, for

which 16 to 20 ins. pressure is sufficient. Under the

above conditions, the same temperatures will be ob-

tained in the same length of time daily, and after the

various burners have been once adjusted there will

be the same consumption of gas. Quantities of

about half a pound of copper have been melted in Oyi

minutes, and remelted in somewhat less time. If

larger quantities have to be dealt with, a second or

third burner is turned on, as I do not recommend inter-

fering with the standard pressure, although it is quite

possible that b}' raising the pressure, more gas and

air would be used, and the second burner found un-

necessary. But it is generally better to maintain a

standard high enough for the particular purpose with-

out constantly raising or lowering the pressure.

It might be argued, why not 100 ins. for 1,000° I", as

well as 2.600° F. ? It has been found that at very

high pressures crucibles are liable to be melted or dis-

torted, and for certain purposes it is better to work

with gas under known conditions rather than increas-
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ing the temperature too rapidly and overheating some

part of the article. With loo ins. pressure it is better

to work with gas under known conditions rather than

increasing the temperature too rapidly and over-heat-

ing some part of the article. With lOO ins. pressure

it is possible to soften the ordinary plumbago crucibles

in 30 minutes. There are of course cases where the

pressure has necessarily to be raised and lowered. In

the manufacture of glass, for instance, 10 cwt. or 20

cwt. crucibles should be treated at (kd ins. pressures

Fig. 1.

for 12 hours to melt the composition; 90 ins. for 6

hours are required to refine the glass, followed by a

drop down to 40 ins. for emptying. This process has

been found to work by the clock perfectly, and onl\-

the cost of town's gas has prevented its general adop-

tion commercially. If gas at 30 cts. per 1,000 cu. ft.

could be obtained, glass could be made more cheaply

by its aid than with coke at 15 cts. per ton.

In the melting of lead in cast iron pots, 20 ins.

pressure is quite sufficient, but if it is obligatory to use

100 ins. pressure, the heating must be by radiation

and not by playing directly on the iron vessel.

Another application of high pressure gas heating is

in the tempering of long steel bars, such as axle trees.

These are suspended vertically, four or more together,

and heated at 60 ins. pressure for 30 minutes.

At the expiration of that time, the burners are shut

off for five minutes to allow the temperature to equal-

ize. The axle trees or bars are then removed for

tempering, and a new batch inserted. All burners are

relighted by opening one stop-cock and the process

continued, so that it is quite possible to temper 120

axle trees per day in a furnace 2 ft. in diameter and

7 ft. high.

Tempering, case hardening and annealing furnaces

as described by model need not have large combustion

chambers. In fact by this method there is no need

for large combustion chambers as the gas is directed

more closely to the object, and only sufficient air for

complete combustion is used. These furnaces have

a division down the center so that the gas is confined to

each side, and so closelv is the heat e.xerted, that fur-

naces have been equally heated all over with less than

10° F. difference in any part.

It is quite possible by these methods of restricting

the supply of air and gas to the object to be heated, to

reduce the consumption of gas from 600 cu. ft. to

200 ft. as I have done already. \\'arming plates, in-

stead of consuming 180 cu. ft. per hour, now con-

sume 25 ft, Metal melting pots requiring i^/i hours

to melt with gas at 80 ft. per hour now require gas at

the rate of 45 ft. per hour, and melt in 25 minutes,

after which the gas is shut down to the rate of 25 ft.

per hour. These are a few cases out of a large list,

and will indicate the reason for drastic changes in

our methods of heating.

It is easy to take a high pressure flexible pipe any

distance, and heat small or large furnaces built to

suit any article from i in. diameter to 10 ft., so that

any part of a large object may be case-hardened.

One more case, that of warming buildings, may be

mentioned. It is well known that a large proportion

of the heat generated in a gas fire or stove passes up

the chimney with the products of combustion without

useful effect. If the highly heated products of com-

bustion are carried through a metallic flue pipe pass-

ing through the room for a sufficient distance, nearly

Fig. 2.

all the heat generated may be rendered available for

warming the room. With an ordinary gas fire this can

only be done to a limited extent because the flue will

not draw owing to the cooled gases having little or

no ascending power, and there is also the objection

that an unlined metallic flue will at its base become

dangerously hot. It is, therefore, desirable to give

the flue gases momentum, so that one part is not un-

duly heated above another.

In order to accomplish this Colonel Bagnold, C. 15.,
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1\. E.. Suiii-TintciKiciu Huilcliiij; Works. Royal Arsenal,

conceived the idea that, granted sufficient initial pres-

sure, either in the gas supply or in the air sup])l}-, the

injector-like action of a high pressure burner would

effect this. Under Colonel Bagnold's direction, ex-

periments have been carried out which completely

end of the tlue pipe only slightly warmer than the air

in the room. Following the example of modern steam
boiler installations, this sy.stem is really one of "forced
draught," the draught being caused by the velocity of

the gas from the nipples. This installation has been
in use for six months, and has given no trouble what-

ever. It possibly has an efficiency of about 90 per cent.

In conclusion, I may say that the objects I had in

view throughout the experiment described in this

paper were to simplify our present system of gas heat-

ing, and, by obtaining a higher efficiency and effective

flame control, to ensure definite results.

This has been so far achieved that the temperature

in a furnace or crucible can now be controlled to such

a nicety that it is merely necessary to open or close a

1050 C

Fig. 3— High Pressure Gas Burner.

Pressure incrpabCdVn

75 ini hes

Pressure of Gas 70 inches

The ^ig*jrcs iiAdicoO \t\c rise ii\ deOrPf*

Crt^rtprodc e\ crij 5 minufes

demonstrated the soundness of this theory ; b\- means

of two high pressure burners fed with gas at 60 ins.

pressure, a room 750 ft. super-floor space has been

heated 31° F. above the outside temperature, the con-

sumption of gas being 80 ft. per hour. The installa-

tion is simple, and may be readily understood by

reference to the diagram. The gas supply is taken

from an adjoining building, and is on the same service

as the lighting. Outside the building is a small com-

bustion chamber lined with fire bricks into which play

burners. From the combustion chamber a steel flue

is led through the wall and around the room, and again

through the wall to the outer air. On leaving the

heating chamber (which attains a temperature of

2.000° V. ) the flue passes through a toiler from

which are led water circulating pipes ; thus part of the

room is heated by hot water and part by a hot flue

pipe. The flue pipe on leaving its water jacket only

retains a temperature of about 250° F.. as the water

jacket is made long enough to prevent the flame pass-

ing into the pipe outside the jacket, and therefore is

not considered dangerous. The gases pass out at the

Fig. 4—Temperature in a High Pressure Gas Furnace,

Onslow's Patent.

gas tap and wait with certainty for the result. By tliis

system explosions due to imperfect mixtures of air

and gas are avoided, a more direct contact of the tem-

perature is ensured, and a small flame is used, its heat

radiating from the furnace walls, in place of the large,

limp, and uncertain flame that has to a great extent

been the practice hitherto. These improvements, in

addition to giving better heating results, naturally tend

towards economy and a lower cost of production, an

end which is furthered by the use of smaller combus-

tion chambers and the simplification of installati()ns.

In 1909 the British imports of scientific apparatus

amounted to $3,965,000, of which $1,018,870 came

from France, and $1,056,220 from the United States.

In 1910 the imports amounted to $7,595,000, of which

France furnished $1,538,986 and the United States

$3,804,400 worth.
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ANNEALING MALLEABLE CASTINGS.-

By W. P. PUTNAM.-

To emphasize the importance of exercising greater

care in manufacturing malleable castings and to point

out some sources of the errors that are so frequent in

foundries leaving the annealing process to the judg-

ment of some individual with a "trained eye," the work
of this paper was undertaken. There is no branch of

the foundry business that needs closer supervision than

the process of annealing iron ; no greater source of

economy ; no one department where greater skill is re-

quired. And yet it is safe to say that very few foun-

dries recognize the importance of equipping their an-

nealing ovens with proper appliances to insure a uni-

form product.

To call attention to the variations that can be pro-

duced in the annealing process, a set of test bars



Way, 191 1. THE CHEMICAL ENGINEER 209

carbiMi has changcil into the i^raphitic condition. As
soon as the change has been coinpleted the tempei"a-

ture will rise in accordance with the temperatnre of

the oven. It has been found that to heat the castings

much above the proper annealing temperature for a

long period is not only unnecessary but a waste of

fuel, and produces poor castings for some purposes.

After the carbon has all been changed the oven need

not be fired for more than six hours. When the metal

has gradually cooled to 1200° F., the cooling can be

hastened as rapidly as desired without harming the

quality of the castings.

Some of the reasons why hard and brittle castings

are occasionally found may be given as follows:

1. Under annealing (which may be caused by too

low teinperature or by holding the castings at the

proper teinperature for too short a period).

2. Too rapid cooling of the castings after being an-

nealed.

3. Heating annealed castings above the critical

temperature to straighten without subsequent an-

nealing.

That there is great need of the systematic handling

of the annealing process is clearly evident from the re-

sults tabulated in Table I. The variations shown there

are typical of castings in general.

The following statistics show the imports of ferro-

silicon into the United States from the time the Payne-

Aldrich tariff went into etfect up to September 30,

1910. Under the Dingley tariff, ferrosilicon bore a

duty of $4 a ton, the same as that of pig iron. The

new tariff made the duty on ferrosilicon containing not

more than 15 per cent of silicon $5 a ton, and on ferro-

silicon containing more than 15 per cent of silicon 20

per cent ad valorem. For a portion of the third quar-

ter of 1909, or from July i to August 5, the old duty

was in effect. In that time the importations of ferro-

silicon of all classes were 3,717 tons, advance pur-

chases being made in view of the impending increase

in duty. The figures given below for that quarter are

for the portion between August 5 and September 30

;

IMPORTS OF FERROSILICON TO THE UNITED STATES.—GROSS TONS.

15 per cent More than 15
Quarter ending— silocon or less. per cent silicon.

September 30, IDiili 616 880
December 31. IftnO 2,050 1,373
March 31, 1910 400 1,752
June 30, 1910 750 2,273
September 30, 1910 425 2.120

Totals 4,241 8,398

No doubt the importations, as shown by the above

figures, particularly of ferrosilicon containing more
than 15 per cent silicon, are less than is commonly
supposed in the trade. From the Canadian plant pro-

ducing this metal the importations for a year or more
have been at the rate of 4,500 tons of 50 per cent

ferrosilicon a year.

THE CONDENSATION OF ZINC VAPOR
FROM ELECTRIC FURNACES.«=

By F. T. SNYDER.

The development of ever\- leclmical industry is

characterized by change from a qualitative basis, in

which progress depends on experiment and the trade

skill of individuals, to a quantitative basis in which

progress is made by calculations from accurately ob-

tained data. On the first basis, progress is slow and
costl}-. The number of independent variables in each

technical problem is large, and the choice of improper

proportions for some of them often disguises the true

effect of a change in the particular one under observa-

tion. On the quantitative basis, which may be called

the engineering basis, progress is rapid and financially

efficient, as the proper proportions of each group of

variables may be mathematically equated between the

groups, and the waste of time and capital in false

construction avoided.

The condensation of zinc in the standard retort

smelters is an illustration of the first condition—the

basis of trade skill. The limiting technical factor in

retort smelting is not the condenser, but the material

of the retorts. This fact has shielded the design of

the condenser from the commercial pressure for prog-

ress, the pressure for improvement in retort smelting

being now on the retort. In its white-hot operating

condition, the comparatively small mechanical strength

of the retort material limits the load of ore a retort

can carry to a few pounds. The melting point of this

material is only a few degrees above the temperature

required for smelting zinc ore. This puts a low limit

to the rate at which heat can be forced through the

walls of the retort. As only a small amount of heat

arrives inside the retort per hour, only a small amount
of ore is smelted and only a small amount of zinc

vapor released to be condensed by the condenser.

Through many years of experience, retort condensers

have been proportioned, on the basis of experiment

and trade skill, to handle this slowly arriving volume
of zinc gas with high efficiency. A fairly-well oper-

ated retort condenser will condense from the gas de-

livered to it something more than 99 per cent of the

zinc which is condensible under the temperature con-

ditions at which the condenser is run. If a gradttal

increase could be made in the iriechanical strength of

retort material, the size of the retorts would be grad-

ually enlarged, and it is probable that by a process

of "cut and try," the proportions of condensers would
keep pace with the demand for increased capacity

up to, possibly, double their present capacity. The
discovery of a retort material of very much better

heat conductivity than the present clays would not

materially increase the rate at which zinc gas could

be delivered to a condenser, as the limiting factor in

this direction is the low heat conductivitv of the ore

•Paper presented at tlie 19tli general meeting of tlie .American
Electrochiemical Society, in New York City. April 6 to S. 1911.
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itself. To make heat flow faster into zinc ore than

it does in retort smelting means that the outside of

the ore must be heated hotter. If we heat it much

hotter than in standard retort practice, the ore will

begin to melt. If a retort material should be dis-

covered that combined high heat conductivity with

high mechanical strength when white hot, we could

change the shape of the retort, and by spreading the

ore out in a thin layer reduce the average distance

the heat had to travel through the ore and at the same

time increase the relative area of the heating surface.

This would enable us to smelt more ore in a retort

in a given time with the present temperature range

and so deliver zinc vapor faster to the retort con-

denser. If this improvement in retort material should

be very great, so that many times the present flow of

zinc vapor could be delivered to a single condenser,

the pressure of progress would be diverted from the

design of the retort to the design of the condenser.

If, in addition, the discovery of this hypothetical re-

tort material of high capacity should come about sud-

denly, it is apparent that the trade-skill basis of prog-

ress in design would break down and there would be

the necessity for engineering in the design of zinc

condensers. This has been shown in the several

cases where zinc retort furnaces have been built in

which fifty to seventy-five retorts of standard size

have been arranged to deliver their zinc vapor to a

single common condenser. On checking the dimen-

sions of some of these condensers on an engineering

basis, it immediately develops that the proportions,

as determined from trade-skill basis, are such as to

make their commercial operation hopeless.

The electric smelting of zinc ore has produced a

technical condition very much like that which would

result from the discovery of such an improved retort

material. With electric smelting of zinc ore the re-

tort is eliminated, and with it disappear those limita-

tions of size and temperatures which are inherent in

the retort. The ore can be melted ; can be heated,

subject to certain commercial limitations, up to a tem-

perature that will drive the necessary heat into the

ore at a very rapid rate. It is now practical and con-

venient with electric smelting to deliver zinc vapor to

a condenser at a rate three hundred to four hnudred

times the rate at which such gas reaches the standard

retort condenser. It is at once evident that the trade-

skill basis of design is inadequate and that the oppor-

tunity exists for the application of engineering meth-

ods to the design of zinc condensers. The metallur-

gical advantages of electric zinc smelting, outside of

the question of condensation, are such as to bring a

large and growing commercial pressure toward activity

in this direction. The desirability of directing this

activity in a fruitful direction will justify us in con-

sidering some of the engineering that may be applied

to the design of zinc condensers.

GENERAL STATEMENT OF THE PROBLEM.

There are two standard engineering methods that

may be applied to any problem. One is to work out

with as great scientific accuracy as we may the detailed

steps of a process and then follow it through mathe-

matically. The other is to adopt a set of data which

we know is operating satisfactorily under its condi-

tions and, with the use, either consciously or unknow-

ingly, of broad generalizations such as the conservation

of energy or the persistence of motions, to transform

this data to the conditions of the problem to be solved.

We may with profit consider this condensation of zinc

by both methods, taking up the latter method at this

time and reserving the former method for a subse-

quent occasion.

The dimensions of the standard retort condenser

and the conditions surrounding its use supply us with

a set of reliable data for our immediate purpose. As

the dimensions of condensers and the practice of con-

densation vary somewhat from plant to plant, it will

be clearer if we adopt a typical average condenser

yW//////WM///M////W//////V/.WAWW'Ma,AV///MW^^^ •,/

r

%v/'v//^/Mm/////////''m^v.'nvw,v^wMv/m^^^^^

Fig. 1.

and average practice as to temperatures and rate of

smelting. Figure i gives the dimensions of such

typical condenser and its retort. The dimensions are

given in centimeters. Cross sections are circular. The

top of the condenser is hotter than the bottom. As
this diiference is small compared with the average

temperature, we shall be within an allowable varia-

tion if we use the average of the top and bottom

temperatures. The temperature of the gas delivered

to the condenser varies considerably from hour to

hour, but we shall be on the safe side in adopting

the average temperature, as the condenser actually

handles the maximum heat flow. The temperature of

the condenser also varies with the row the retort

is on, but the average for a furnace will be on the

safe side for capacity data. While the rate of flow

of the zinc gas also varies from hour to hour, the

same factor of safety for the average exists, as the

condensers successfully handle the maximum rate of

flow.

In this connection it may be pointed out that it

has been commonly thought, on account of the diffi-

culties met in trying to design large condensers on

the trade-skill basis, that for some unknown reason

it was more difficult to design a continuously operat-

ing condenser than one to operate intermittently. A
little consideration will make it evident that it should

be easier to design a condenser for a relatively stable

set of operating conditions, than for varying condi-

tions. As the condenser, to be commercial, must in

any event handle the maximum flow of gas and the

maximum input of heat, it follows that the condenser

can be smaller for a regular flow than for any vary-
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iiig flow delivering the same weight of zinc per il,ay.

One trouble with all the large condensers designed on

the trade-skill basis has been that they have had only

a small fraction of the condensing capacity they should

have had. The electric smelting of zinc delivers a

flow of gas that is quite regular in vulume and tem-

perature throughout twenty-four hours. If the flow

had been irregular, for the same daily capacity, these

undersized condensers would have been less able to

handle the periods of maximum flow than thev were

the regular flow.

If, further, in arriving at our factors for engineer-

ing design, we adopt the condition that all the gases

which are not involved in the reduction of zinc o.xide

(the water vapor, the carbon dio.xides, sulphur dio.x-

ide and hydrocarbons from the reducing material )

.

are driven ofl:' during the heating period, before the

condensation of zinc begins, w^e shall be on the safe

side with regard to area of cooling surface and also

with regard to the volume available for diffusion.

DET.MLED CONSIDERATION OF THE PROBLEM.

The average temperature at which the mixture of

zinc and carbon monoxide gases leaves the retort and

enters the condenser will be taken as 1.050°, and the

average temperature at which the uncondensed gases

leave the nose of the condenser as 600°. These are

the temperatures along the axis of the condenser. In

order to condense zinc and deliver it as liquid, the

temperature of the inner surface of the condenser at

the end next to the retort must be below the liquefy-

ing temperature of zinc vapor under the pressure con-

ditions existing, and the inner surface of the small

or nose-end of the condenser must be above the melt-

ing temperature. The melting temperature is 420".

and we can take the inside surface temperature of

the condenser at the nose end at 450°. The boiling

temperature of zinc at standard atmospheric pressure

is 9,30°. To get at its liquefying temperature at the

retort end of the condenser we shall have to consider

the pressure conditions, as the boiling temperature

varies with the pressure. Figure 2 gives the curves

of the variation of the boiling temperature with

changes of pressure as determined by Barns (U. S.

Geological Survey, Bulletin 102, 1893). These curves

have the advantage of having been determined experi-

mentally directly from zinc vapor and so do not de-

pend on the constancy of Boyle's law, as do the curves

that are obtained by transposition under Groshan's

law (Pogg. .\nn. LXX\TII. j). 112, 1849) from the

vapor pressure curves of mercury. The mixture of

gases, as delivered by the retort to the condenser, is

substantially under atmospheric pressure. The flow

of gas through the condenser is slow, so that the drop

in pressure required to produce this flow is too small

to be considered in connection with our immediate

purpose.

Before we can determine what proportion of the

atmospheric pressure is carried by the zinc, it will

be necessary to determine the proportion of zinc in

the mixture. For this purpose v>'e can take the aver-

age charge of roasted ore to a retort as 20 kilograms

carrying 60 per cent or 12 kg. of zinc. With residues

amounting to 50 per cent of the weight of the ore in

the charge, and analyzing 7 per cent, the unreduced

zinc left in the charge amounts to 0.7 kg. The vapor-

ized zinc amounts to 11.3 kg. The corresponding

amount of carbon monoxide produced by the reduc-

tion is 4.9 kg. Of the zinc reduced, o. i kg. on the

average is lost through the retort by leakage and

breakages, and 0.4 kg. is absorbed by the material of

the retort, leaving 10.8 kg. which is delivered to the

condenser. As the relative volumes of each gas are

inversely proportionate to their molecular weights, the

zinc will carry 48.8 per cent of the atmospheric pres-

sure or 372 mm. At this pressure, by the Barus

curve, zinc boils at 863°. We will take the average

temperature of the retort end of the inner surface

of the condenser as 850°, corresponding to the aver-

age temperature of 450° for the inner surface at the

nose end. It is to be noted that these are the averag'e

•300
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uncondensed gases escape from the nose of the con-

denser, 6oo", the vapor pressure of zinc is 5.0 mm.

by the Barus cur\^e. At this pressure and tempera-

ture 0.7 per cent of the zinc which entered the con-

denser leaves the nose in the form of vapor. In addi-

tion to this vapor, zinc also leaves the nose of the

condenser in the form of fume, but this fume has

already given up its heat of vaporization to the con-

denser. There was delivered to the condenser 10.8

kg. of zinc. Of this about o.i kg. leaves uncondensed

and the remaining 10.7 kg. is condensed by the inner

surface of the condenser. With an effective length

of 55 cm., a diameter at the nose of 6 cm. and an

effective diameter of 13.2 cm. at the retort end, the

condenser has an effective inner surface of 1,660 sq.

cm. The space taken up on the sides by the plug in

the nose is about made up by the area of the plug.

\A'e may take the distillation as active for 16 hours.

There is, therefore, condensed by the condenser. 10.7

kg. of zinc in 16 hours, with an active cooling surface

of 1,660 sq. cm., or an average rate of 0.40 grams

of zinc per sq. cm. per hour. This is one of the fac-

tors we need for the engineering design of condensers.

It is to be noted that it applies only to clay, with about

the kind of surface used in retort condensers. The

real cooling surface takes in the area of all the projec-

tions and indentations. To use this factor for other

materials it will be necessary to introduce a co-efficient

of roughness and determine it experimentally for each

new material.

The 10.7 kg. of zinc which is condensed enters

the condenser at 1,050° and is cooled down to liquid

zinc at 650°. In doing this it gives up 460 Calories

per kg., or 4,930 Calories for the 10.7 kg. The carbon

monoxide enters the condenser at 1,050° and leaves it

at 600°. In doing this it gives up 124 Calories per

kg., or 604 Calories for the 4.87 kg. which accom-

panies the zinc. Together the gases give up 5,534

Calories in 16 hours, or 346 Calories per hour. This

is absorbed by the 1,660 sq. cm. of the condenser

surface at the rate of 0.21 Calories per sq. cm. per

hour. This is the second factor we need for the engi-

neering design of condensers.

As the mixture of zinc and carbon monoxide gas

moves from the retort into the condenser, the outer

layer next to the surface of the condenser begins to

lose its zinc by condensation, and the zinc in the mix-

ture away from the surface begins to move toward

the surface by diffusion. As the mixture moves

through the condenser, all the zinc which is condensed

moves sideways an average distance of y^ the radius

of the condenser. As the diffusion goes on at a de-

termined rate, the speed of the mixture through

the condenser must be such that dift'usion will

have time to move the zinc up to the cooling surface.

while the mixture moves through the condenser.

At the temperature of 1.050°, at which the mix-

ture enters the condenser, both the 10.8 kg. of zinc

and the 4.87 kg. of carbon monoxide gas occupy a

volume of 36.8 cu. meters. They both occupy the same

volume, each being diffused in the other. This vol-

ume of 36.8 cu. m. passes into the condenser in 16

hours, which is at the rate of 2.29 cu. m. per hour,

or 637 cu. cm. per second. The diameter of the con-

denser at the effective entrance at the retort end is

13.2 cm. and the cross sectional area 136.8 sq. cm.,

so that the average velocity of the gases entering the

condenser is 4.67 cm. per second. At the tempera-

ture of 600°, at which the gases leave the nose of the

condenser, the 4.87 kg. of carbon monoxide and the

0.075 ^S- of ^^^^ '^hat leaves as vapor, each occupy

a volume of 12.4 cu. meters. As this goes through

in 16 hours, the rate is 0.78 cu. m. per hour, or 217

cu. cm per second. The diameter at the nose end is

6 cm. and the cross sectional area 28.3 sq. cm., so

that the average velocity of the gases at the nose end

of the condenser is 7.67 cm. per second. The mean
velocity through the condenser, which is obtained by

dividing the mean of the volumes passing each end

by the cross section area at the center, is 5.17 cm. per

second. It is interesting to note that this mean velocity

corresponds to an average time of 10.6 seconds for

tlie passage of each part of the gas through the con-

denser.

At the retort end of the condenser, where the gases

enter with an average velocity of 4.67 cm. per second,

the distance through which the zinc has to diffuse on

the average (^3 the radius) is 2.2 cm., and at the nose

end it is i.o cm., where the gases leave with an aver-

age velocity of 7.67 cm. per second. As the total

pressure on the mixture of gases is constant, the

speed of dift'usion varies with the square root of the

absolute temperature, and it will be convenient to in-

troduce this as a co-efficient affecting the mean dis-

tance of diffusion, adopting as unity the speed of diffu-

sion at 864°, the condensing temperature of the normal

mixture of equal vohunes of zinc and carbon monox-

ide. At the retort end of the condenser we have

taken the temperature at the center as 1.050° and at

the surface of the condenser as 850°. The mean of

these is 950°, and the temperature dift'usion co-efficient,

calculated from the square root of the absolute tem-

peratures and referred to the rate of diffusion at 864°,

is 0.96. At the nose end of the condenser the tem-

perature at the center we have taken as 600° and at

the cooling surface as 450°. The mean of these is

525° and the corresponding temperature dift'usion co-

efficient is 1. 19. If we multiply the mean distance of

diffusion at each end by its co-efficient, we will get

the equivalent distance through which the zinc would

diffuse in the same time if the temperature were the

standard, 864°. These are 2.1 1 cm. for the retort

end and 1.19 cm. for the nose end.

The satisfactory operation of the retort condenser

shows that with the velocity at which the gases travel

through the condenser, the rate of dift'usion is suffi-

ciently rapid to move the zinc through the average

diffusion distance in the time available. The relative
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velocity of diffusion sideways is proportional to tlie

equivalent difTusion distance, and the ratio of this

sideways diff"usion velocity to the longitudinal velocity

through the condenser is the third or diffusion factor

that we need in the engineering design of large con-

densers. This ratio equals the product of the equiva-

lent diffusion distance and the longitudinal velocity.

For the retort end of the condenser, where the equiva-

lent diffusion distance is 2.11 cm. and the average

longitudinal velocity 4.67 cm. per second, the factor

is 9.9, and for the nose end, where the equivalent

half-radius is 1.19 cm. and the average longitudinal

velocity is 7.67 cm. per second, the factor is 9.1. The

mean factor for the whole condenser is the arithmetic

mean of the factors at the two ends, and is 9.5.

We have now the reliable data from the standard

retort condenser in convenient form for use in the

engineering design of large zinc condensers. Collect-

ing the factors in one expression, the result is that

if we provide i sq. cm. of clay cooling surface (or

an equivalent amount of some other material) for

each 0.40 gr. of zinc to be condensed per hour, and

if we arrange the thickness of the material of this

surface and the temperature conditions at the other

or non-condensing side of the material so that 0.21

kg. Calories of heat will flow through each sq. cm.

of the surface per hour when the average temperature

of the condensing surface is 725°, and if we arrange

the volume inside the condenser, so that the product

of the average longitudinal velocity of the gases in

cm. per second and the average diffusion distance

(corrected to the standard temperature of 864° ) in

cm., through which the zinc has to diffuse, is 9.5. then,

the design of the large condenser will be on the same

basis as the proportions of the standard retort con-

denser. It is to be kept in mind that only the cooling

surface in the condenser that is between 850° and

450° counts in the production of liquid zinc. As this

upper limit of 850° depends on the atmospheric pres-

sure, the reduction of the atmospheric pressure with

high altitude is to be taken into account for a con-

denser so located. It is interesting to note in the

standard retort condenser, the proportions of which

have been determined by many years of "cut and try,"

that these proportions now in general use give a diffu-

sion factor that is substantially constant throughout

the length of the condenser. This means that these

proportions represent the maximum commercial econ-

omy in the use of the condenser material.

So far in considering the matter we have taken

the condensation as all occurring at the surface of

the condenser. In practice a certain amount of zinc

as fume escapes from the nose of the condenser along

with the zinc that is in the form of uncondensed

vapor. As the temperature, 600°, is well above the

melting point of zinc, this fume is in the form of

tiny drops of liquid zinc, which has condensed in the

gas away from the surface of the condenser. Drops

as small as these fall slowlv. Clouds in the skv are

made up of very small drops, and they fall so slowly

as to appear stationary to casual observation. But

these small drops fall with regularity at a constant

velocity which can be calculated. The important point

for us to notice is that the vekx-ity of fall is constant

and not rapidly increasing with time, as it does when

a large, heavy body falls through the air. If we con-

sider a drop that starts to fall from close to the top

of the condenser, it will move forward and downward

on a diagonal line, the resultant of its constant velocity

of fall and the velocity of the longitudinal movement

of the gases through the condenser. To be saved,

a drop which starts from a point near the top must

do so at a distance sufficiently far back from the nose

of the condenser to have time to fall to the bottom

before the longitudinally moving gases reach the nose

end of the condenser. .Ml the drops that start froru

the top at points nearer the nose than this point wiS

not have time to complete their fall and will be svi'ept

out of the nose with the uncondensed gases. There

is, therefore, a wedge-shaped volume, lying with its

base against the outlet end of the condenser, and taper-

ing back along the top of the condenser, from which

volume all the drops will be lost, by going out as

fume with the uncondensed gases. The cubical con-

tents of this wedge in different condensers will be pro-

portional to the product of the longitudinal velocity

and the vertical distance of fall. The vertical dis-

tances bear the same ratio to each other in different

condensers as do the Ys radii (or diffusion distances),

so that between different condensers the volume of

this wedge is proportional to the product of the longi-

tudinal velocity of the gas travel and the diffusion

distance. But this is the same factor that we have

previously determined from consideration of the con-

ditions of diffusion, so that if we properly design our

large condenser to have the same proportions for diffu-

sion that the standard retort condenser has, we will

be designing it also to have the same proportions as

to the amount of fume lost in the uncondensed gas.

.\n examination of the drawings of many zinc con-

densers that have been built or proposed for large

capacity shows .some means of applying heat to the

condenser either internally or externally, by fuel fires,

gas flames, or in most modern cases by electricity. As

its name implies, a condenser is an apparatus for with-

drawing heat, and it is evidently a contradiction of

effort to also apply heat in any way. .'Vs the designers

of these condensers understood this fact more or less,

the probable purpose of this application of heat was

to get the condenser up to the proper working tem-

perature at the beginning of operations, or with a

view of regulating it in operation to keep the tem-

perature of the condensing surface within the right

range. Consideration of the point shows that for

both reasons it is unnecesarry. If we design our con-

densing surface of such thickness of material and

arrange the heat conditions at the non-condensing side

so as to have the condensing side at 725° when the
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proper flow of heat per sq. cm. is passing through, then

the surface will automatically keep itself at 725°. For

if in any way we could get it hotter than 725°, this

would increase the heat gradient to the other side and

increase the rate of flow through the surface above

the rate at which heat was being received from the

condensing zinc and as the surface would be losing

heat through its material faster than it was receiving

it, the surface would cool down to the 725° for which

it was designed. The reverse action would take place

if we could in any way cool the surface below the

temperature for which it was designed. The change

in the heat gradient would soon bring it up to the

designed temperature. In starting up a new and cold

condenser, it will only be a short time before the heat

from the zinc brings the temperature of the condensing

surface up to the temperature for which it is designed.

There is no practical need for extra means of heating.

It will be interesting in the light of the data that

we have secured to examine the design of one of the

large condensers which have been built. Such a con-

denser is described in connection with the Lynen fur-

nace. (Ingalls, Metallurgy of Zinc, p. 486.) This

condenser is a rectangular chamber of brick, 1.2 meters

high, 0.36 meters wide and 3.4 meters long. This

chamber is divided into three compartments by ver-

tical, longitudinal fire-clay partitions. The gases are

discharged into the two outer compartments by the

retorts, 36 retorts to each outer compartment. The
gases move vertically upward in the outer compart-

ments, and uniting at the top move downward in the

center compartment to the carbon monoxide outlet.

Running longitudinally through the compartments are

a number of horizontal iron pipes 6 cm. in outside

diameter. The condenser was cooled by blowing air

through these pipes. The outer walls of the chamber

and the bath of zinc forming the bottom of the cham-

ber were so designed as to be able to absorb no prac-

tically important amount of heat, so that the entire

condensing was done by the air pipes.

There were 19 of the condensing tubes, 6 cm. diam-

eter and 340 cm. long, making a total condensing sur-

face of 122,000 sq. cm. In normal operation the 72

retorts using this condenser would deliver to it 48.2

kg. of zinc per hour, which is at the rate of 0.40 gr.

per sq. cm. per hour. This is the rate we found in

use with the standard retort condenser. This Lynen

.condenser, therefore, had ample cooling surface. Di-

vided over this cooling surface, the flow of heat pro-

vided by the zinc in cooling down and condensing

amounts to 0.21 Calories per sq. cm. per hour. For

the condenser to work successfully we have seen that

the air cooling must be such that with this rate of

heat flow the condensing surface will keep about 725°

on the average and that the cold end will not be below

450° and the hot end not above 850°. This is on

the condensing side of the pipes. It will take about

1° drop in temperature to get heat to flow through

the iron of the pipe at this rate of 0.21 Calories per

sq. cm. per hour, and it will take a drop of about 179°

to transfer this heat from the inner surface of the

pipe to the air in the time available as the air rushes

along. The temperature of the air as it enters the

pipes at the cool end will, therefore, be 450°, less the

sum of 1° and 179°, or 270°, and as it leaves the hot

ends will be 850° less the sum of 1° and 179°, or 670°.

To absorb all the heat given up by the zinc of the "jz

retorts and do the absorbing between these tempera-

tures of 270' and 670' will require the passing of

"jz cu. meters of air per hour as measured at atmos-

pheric pressure and temperature. This corresponds

to a velocity of about 150 cm. per second through the

pipes for the warm air. This velocity is good economic

practice. The pressure drop between the cool and

hot ends of the pipes would have to be kept at the

point which would keep up this rate of flow in the air.

From the drawing it looks as though the convection

flow of air was expected to do this, but convection

would produce only a very small fraction of the air

current required. If the air had been forced in at

atmospheric temperature, 20°, only about -/i as much
would have been required, but about -^^ of the length

of each tube would have been below the freezing point

of zinc and so we would have zinc dust in place of

liquid zinc. This would soon have clogged up the

cooler end of the condensing chamber, whereas with

the proper amount of air at the proper temperature

all the surface of the tubes would be available for

producing liquid zinc.

In this Lynen condenser the width of the condensing

space was about 6 cm. and the average velocity of

flow of the gases after entering the condenser 7.76

cm. per second, so that the product of the diffusion

distance and the velocity was 23.3 as compared with

the average of 9.5 which we found as the diffusion

factor of the standard retort condenser. This con-

denser was, therefore, deficient in the time it provided

for dift'usion. From the factors we should expect

that about one-half of the zinc would have time to

diffuse over the condensing pipes, and the other half

would be swept out of the condenser with the uncon-

densed gases. The condenser as it was proportioned

had diffusing capacity enough to handle the zinc from

36 retorts, but with 72 retorts it only had diff'using

capacity to stop about one-half of the zinc delivered

to it.

The following figures show the course of the prin-

cipal stock exchange values in Germany for 1909 and

1910:
Average Average Average
dividend. price, price,

Shares. 1909-10. %. 1909. 1910.

Coal and iron 7.87 187.96 195.72

Cement 9.22 179.34 168.55

Land companies 5.75 152.65 147.80

Textiles 7.85 159.99 166.12

Electrical 8.25 150.77 162.58

Shipping 5.25 121.63 129.08

Chemical 15.05 265.20 288.93
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NOTES AND COMMENTS.

The Chicago Section of the American Chemical Society

Awards the First Willard Gibbs Medal to

Prof. Svante Arrhenius.

The Chicago Section of the American Chemical So-

ciety, at its JMay meeting, held in the Congress Hotel

at Chicago on the evening of ^lay 12, awarded the

first Willard Gibbs medal bestowed by this section to

Prof. Svante Arrhenius, director of the Nobel Insti-

tute, Stockholin, Sweden, and of international fame

for his work on the theory of electrolitic dissociation.

Mr. S. T. Mather, chairman of the Chicago Section,

presided, and in his speech indicated the hopes and

aspirations of the Chicago Section in founding this

medal ; he also spoke briefly of the work of Dr. Gibbs

as an illustration of the best work done by .American re-

search chemists and voiced the hope that in the future

their progress in these lines might attain to the emi-

nence reached by Gibbs. President Judson of the Uni-

versity of Chicago spoke on International Bonds of

Science, the gist of his address being that as countries

are bound more closely together by the achievements of

their men of science and become more intimatly ac-

quainted by the exchange of visits between scientists of

\arious countries, it will be impossible to continue the

militant attitude now possessed by many of our great-

est nations. Mr. Harry Wheeler, president of the

Chicago Association of Commerce, spoke on the sub-

ject, "Science and Commerce." His definition of com-

merce was one of the best that could be given. Com-
merce, he said, today is capital plus science. He spoke

to some extent on the achievements of the scientist in

the advancement of commerce and paid a high tribute

to the contributions which science has already made
to the development of our commerce. Prof. Alexan-

der Smith, president of the American Chemical So-

ciety, presented the medal to Prof. Arrhenius. In his

presentation address, he gave a general summary of

the work done by Prof, .\rrhenius from the time when
he first announced his theory of electrolitic dissociation

down to the present time. Prof. Smith pointed out

very clearly the value which this theory has been to

the modern chemist and explained many properties

and reactions of the elements which had been up to

that time unexplained. He also showed the distinct

general value which this theory had been to industry

as well as to science. The relation between the work

of Gibbs, in whose honor the medal was named, and

Prof. Arrhenius, its first recipient, was also pointed

out. Prof. Arrhenius, in his address following the

presentation of the medal, gave a brief history of his

work on the theory of electrolitic dissociation, froiu

the time when as a student the idea first came into his

mind up to the time when the theory became generally

accepted by the chemists of the world. His account

of his early labors was very interesting. He met the

same discouragements and the same failures that most

others meet and it was no easier for him to overcome

the prejudices and objections of his contemporaries

than it is for the young scientist at present to obtain

recognition for any new idea. Prof. Arrhenius was

looked upon by the faculties of the various universities

of that time as soiuething of a heretic. They thought

that he was advancing ideas which were very hair

brained, and without taking the time to repeat his e.x-

periments to verify his results, they universally con-

demned both him and his work. Prof. Ostwald was

the first scientist of rank to take up the ideas of

Arrhenius, and by repeating some of his experiments

and confirming his results, gave .Arrhenius a standing

which would have taken him years to attain in any

other way. From this time until the time when the

ideas contained in the theory were generally accepted,

Ostwald and Arrhenius seem to have been rather

closely associated. One illustration given by Prof.

Arrhenius of the difiiculties he encountered was in-

teresting and deserves repeating. He said one day that

Ostwald and his (Arrhenius') instructor, Dr. Edlund,

were discussing in the laboratory the theories ad-

vanced by Arrhenius, not knowing that Arrhenius was

anywhere around. Dr. Edlund was remarking on the

concept of Arrhenius that the solution of sodiuiu

chloride consisted of ions, whereas thev called them
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at that time radicals of sodium and of chlorine. Ed-

lund said to Ostwald, '"How can you believe any such

idea as that when we all know what metallic sodium

is? It cannot exist as such in water. We know its

properties perfectly well and know what it looks like.

We also know what chlorine is, a vile smelling gas,

imparting a green color to water and giving it poison-

ous properties. Why, it is absurd to think that these

substances are present in a solution of sodium chloride

as we see it." It took

Arrhenius some time

to convince them that

there is a difference

between ionic sodium

ionic chlorine and the

elements sodium and

chlorine. Few chem-

ists, however, at the

present time have

doubted the truth of

his theory and there

are probably few
chemists at the pres-

ent time who have

not been greatly bene-

fited in their concep-

tion of the properties

and reactions of ele-

ments and compounds

by this theory.

It is the hope of

the Chicago Section

that it may be able to

bestow the Willard

Gibbs medal to others

of the same high class

as the recipient of the

first medal.

The idea of the

donor of the medal,

Mr. William Con-

verse, that he wished

to do something for

the benefit of the

Chicago Section, has

in the hands of the

members of this sec-

tion been brought to consummation. None of those

present at the presentation of the first medal

can doubt the benefit of this both to the Chicago

Section and to the membership of the American Chem-

ical Society as a whole. Relieving that our readers will

be interested both in the man to whom this medal is

bestowed and the man in whose honor it is named we
are publishing short biographies of both gentlemen.

We are indebted to the Scientific American for the

use of the portrait and biographical material on Prof.

Arrhenius and to the Popular Science Monthly for

what relates to Dr. Gibbs.

Svante August Arrhenius.

By prof, wilhelm ostw-\ld.

Drawn e.spccially for The Chemical Engineer from
graphic reproduction in the Scientific American

Svante August Arrhenius was born February 19,

1859, near Upsala. His ancestors were farmers, and

the name .Arrhenius is a Latinized derivative of arena,

meaning a river bank, the name of the family estate in

the south of Sweden. His father was superintendent

of grounds of the

L^niversity of L^psala.

At school Svante ex-

h i b i t e d remarkable

precocity and distin-

guished himself par-

ticularly in mathe-

matics, physics and

biology. He entered

the University of Up-
sala in 1876, but in

1 88 1 went to Prof.

Edlund in Stockholm.

He attained the de-

gree of doctor of

physics in 1884. His

graduation thesis, "A
Study of the Conduc-

tivity of Electrolytes,"

published in the
same year, made a

profound impression

upon me.

I have devoted part

of my life to the

study of the chemical

relation between acids

and bases, and when
that paper appeared,

I had obtained for

the specific affinities

of various acids val-

ues closely agreeing

with the results which

Arrhenius had
reached by a very

different road. The

method by which

Arrhenius had attacked and partly solved the prob-

lem was far more comprehensive and fertile

than my own. I was then connected with

the polytechnical school of Riga, Russia, and
there I repeated and extended the experiments

by which Arrhenius had proved the approximate pro-

]K)rtionality of the chemical affinities of acids and

bases to their electrolytical conductivities, and pub-

lished the results. Then I went to Upsala to support

.Arrhenius, whose views were regarded as heterodox,

in obtaining a position in the university. A year later

we worked together for several months at Riga.

In 1887 Arrhenius published his theory of electro-

Svante August Arrhenius.

a plioto-
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Ivtic dissociation, pinlial)!) iIk- iiiii>t important and

prolilic of his many achievements, which e.\i)hiined

the observed anomalies in the freezing point of elec-

trolytes and interpreted as a dissociation factor the ir-

rational ct>et^cient ( V^-^i ) in ^ an't Hotf's then new

and much discussed theory of osmotic pressure. The

new theory of electrolysis rapidly developed, explain-

ing many well known but little understood phenomena

of chemical equilibrium, analytical reactions, the con-

centration of electrolytes, the galvanic battery, the solu-

bility of gases, etc.

This rapid success spared Arrhenius the waste of

energy in polemics which the iconoclast usually suffers,

and also assured him means of support and of further

scientific activity. In 1891 he was called to the Uni-

versity of Giessen, but he preferred to accept a posi-

tion in the new University of Stockholm, where his

subsequent promotion to a professorship was due

mainly to the influence of foreign scientists. In 1897,

however, his colleagues chose him as their rector, or

president, and he was twice re-elected to this position,

which he finally declined in the interest of his scien-

tific work. In 1905 he became director of the Xobel

Physical Institute.

The theory of electrolytic dissociation soon gained

so many enthusiastic young advocates that it con-

tinued to develop without direct aid from the founder,

except where such aid was required to refute criti-

cism and enlighten skeptics. In 1890 Arrhenius, \an't

Hofif and I were invited to discuss the theory of solu-

tion with a committee of the British Association, the

,
members of which were at least partially converted to

the new views by their foreign guests, aided by William

Ramsay. The new theory made rapid progress against

strong opposition in Great Britain. French chemists

refused to discuss or consider the theory at that time

and thev are still far behind their German and British

colleagues in this line of research.

Arrhenius published a great many papers in the ten

years that followed the announcement of the dissocia-

tion theory. In the succeeding decade his duties as

rector of the new imiversity, to which he devoted him-

self with great diligence and success, diminished his

scientific output.

Arrhenius has recently taken up the study of serum-

therapy and has explained Ehrlich's important discov-

eries by a theory of unsaturated compounds, analo-

gous to that which exists between weak acids and

bases.—Adapted from an article published in "Die

Forderung des Tages," Leipzig, 1910. Akdemische

Verlagsgesellschaft, m. b. H.

Josiah Willard Gibbs.

Gibbs was not. like Edison, Langley. Rowland, the

inventor, experimenter or expert in delicate measure-

ments, nor was he the great all-round physicist, like

Maxwell, Helmholtz or Lord Kelvin. He was essen-

tially and almost exclusively the mathematician, whose

special function was not the discovery of isolated facts

or new methrids of experimental procedure, but the in-

troduction oi new currents of ideas; and it was the

severe and rigorous form in which his ideas were

cast that for a long period of time retarded their gen-

eral adoption by the scientific world.

Oswald, in his interesting "Biologic des Natur-

forschers,'' has divided men of science into two classes :

The classicists (Klassiker), men like Newton, La-

grange, Gauss, Harvey, who, dealing with a limited

number of ideas in their work, seek formal perfection

and attain it, leaving no school of followers behind

them, but only the effect of the work itself; and the

romanticists (Romantiker), who, like Liebig, Faraday,

Darwin, ^Maxwell, are bold explorers in unknown
fields, men fertile in ideas leaving many followers and

many loose ends of unfinished work which others com-

plete. In the logical perfection of his work and in his

unusual talent for developing a theme in the most com-

prehensive and exhaustive manner, Gibbs was emphat-

ically the Klassiker. But in the scientific achievement

of his early manhood he showed something of the

spirit of the Romantiker also. His mathematical

theory of chemical ec|uilibrium was far in advance of

any experimental procedure known or contemplated

at the time of its publication, and, although some of his

predecessors, like James Thomson, Massieu, Horst-

mann, had come within sight of the new land and even

skirted its shores, Gibbs, with the adventurous spirit

of the true pioneer, not only conquered and explored

it, but systematically surveyed it, living to see part of

his territory occupied by a thriving band of workers,

the physical chemists. Cayley, in his report on theoret-

ical dynamics in 1857 expressed his conviction that the

science of statics "does not admit of much ulterior

development." The work of Gibbs has added to it the

immense field of chemical equilibrium and wherever

"phases." "heterageneous systems." "chemical and

thermod}-namic potentials" or "critical states" are men-

tioned he has left his impress upon modern scientific

thought. It is not without reason, then, that (.)stwald

has called this mathematician "the founder of chemi-

cal energetics." asserting that " he has given new form

and substance to chemistry- for another century at

least."

Josiah Willard Gibbs was born in New Haven,

Conn., on Feb. nth, 1839. His father, who has de-

scended from Sir Henry Gibbs, of Honington, War-
wickshire, was professor of sacred literature in Yale

College during the years 1 821 -186 1 and was esteemed

for unusual schoIarshi|) in his day. The son, like

many other mathematicians, showed early aptitude for

linguistic as well as for mathematical studies, and,

entering Yale in 1854, graduated in 1858 after winning

many prizes and distinctions in Latin and mathematics.

He began to teach mathematics and physics at Yale in

1863, having received his doctor's degree in tliat year.

During 1866-69 he traveled in Euro])e. studying his

chosen subjects at Paris, Berlin and Heidelberg, and

hearing the lectures of Magnus. Kirchhoft' and Helm-

holtz. In July. 1871. two years after liis return, he was
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appointed professor of mathematical physics in \ale

College, about the same time that Clerk Maxwell as-

sumed similar duties in the Cavendish Laboratory, at

Cambridge. This position Prof. Gibbs held until his

death, April 23, 1903. Professor Gibbs devoted his

whole life to his work, the interests of his university

and his pupils, and apart from the earlier years of

travel and some excursions into the held of controversy

his was the quiet and uneventful career of the typical

man of science.

Gibbs began his work in thermodynamics in 1873.

with two important papers on diagrams and surfaces.

In the first of these he made a careful and thorough-

going study of all the diagrams that might be of use

or value in thermodynamics, the best known being that

upon which volume and pressure are erected to scale

as co-ordinates, derived from the familiar \\'atts indi-

cator diagram found upon every steam engine.

Of the new diagrams w'hich Gibbs introduced, he

attached most importance to the volume-entropy dia-

gram, because it tells more about the physical proper-

ties of a working substance than about the heat em-

ployed or the work done. But the most important of

Gibbs's innovations for practical engineering purposes

is the temperature-entropy diagram, which represents

the efficiency of a Carnot cycle as a simple rectangular

figure and is, he points out, "nothing more nor less

than a geometrical representation of the second law of

thermodynamics."

During the years 1875-8, Gibbs published the work

which is his chief title to fame, his memoir "On the

Equilibrium of Heterogeneous Substances." Tliis

treatise deals, as the title implies, with the statics of

chemical substances which, as gases, vapors, liquids,

or solids, are in actual physical contact with each other,

whether influenced or modified by gravity, osmosis,

catalysis, capillarity or electromotive force or existing

under such varied aspects as gaseous mixtures, liquid

films, "solid solutions" or crystals. For the first time

chemical substances are treated as continuous or cen-

tigouus "phases" of "matter in mass"' acted upon, like

mechanical systems, by forces having "potentials"—

a

new way of looking at things which has since become

the definite viewpoint of physical chemistry.
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THE CHEMIST IN THE SERVICE OF THE
RAILROAD.-

By H. E. SMITH.f

.\mong the industries of the country, the railroads

are probably the largest, whether they be judged from

the standpoint of investment required, territory cov-

ered, or men employed. Considered as manufacturing

establishments, the railroads use as raw materials, iron

and steel of all kinds, brass, bronze and balibitt, wood

and timber of all kinds, stone, brick, cement, oils and

paints, and a great number of materials of lesser im-

portance. The manufacturing process covers various

departments of held engineering, power production,

shop work and metallurg}-. The finished product is

the transportation of passengers and freight.

As in numerous other manufacturing industries, the

equipment required is constantly becoming heavier,

more elaborate and expensive. The methods of opera-

tion are constantly becoming more complicated, more

specialized and more costly, yet the piece price of the

product—transportation— is constantly diminishing.

This condition evidently necessitates increasingly

scientific management and operation. The need of the

civil, the mechanical and the electrical engineer is ob-

vious. With the increasing development has come the

need of the chemist and, beginning nearly 30 years ago,

the Massachusetts Institute of Technology has at va-

rious times furnished chemists for this service.

As has already been partially indicated, the field for

the chemist in railroad service is very wide. Early

in the C(inftruction of a first-class road the chemist

is in demand for the testing of cement, to ensure sound

and durable concrete bridges and other structures ; in

the selection of ballast stone of such composition and

physical properties that it will withstand the weather

and the impact and w-ear of service. Timber for

crossties now commands such a price that economy

necessitates preservative treatment by carefully tested

and regulated materials and processes. Rails must be

of such composition that they will resist wear in the

greatest possible degree, yet be free from brittleness.

The problem of boiler water supply, especially that

for locomotives, is of very great importance. -An

average modern locomotive is a complete power plant

*FapPi' presented before the Congress of Technology at the
."0th .Anniversary of the Granting of the Charter of the Massa-
chusetts Institute of Technology.
tChemist and Eneineer of Tests, The Lake Shore & Michigan

Southern Ry. Co., Collinwood, O.

of 2,000 hp., mounted on wheels, and contained within

a space only a fraction of that required by a stationary

power plant of the same capacity. About 100 gals, of

water are evaporated per mile traveled. In many parts

of the country the only water available is of such

quality that economy in operation rec|uires its chem-

ical purification. This brings to the chemist the prob-

lem of carrying out chemical reactions on a large scale,

and in extremely dilute solutions, yet with very close

adjustment and at a low cost.

Iron castings are used in such quantities that rail-

road companies fre(|uently make their own. The pig

irons and the coke must be tested to ensure laroper

quality. The mixtures must be adjusted to secure the

necessary product. Car wheels must be tough and

strong yet very hard on the circumference, to resist

wear. Machinery castings must be strong yet ma-
chine easily. Packing rings must be very resilient.

Yet in all mixtures economy must be practiced by

using up scrap.

The proper selection of steel for efiicient and eco-

nomical service is a constant problem. Special alloy

steels either wnth or without special heat treatment or

other manipulation are used in increasing quantities.

It is necessary to make very frequent and systematic

chemical and physical tests to ensure uniform and sat-

isfactory qualit}'.

Large quantities of brass or bronze, mostly in the

form of bearing metal, also babbitt for the same pur-

[jose, are required. The prices of the constituent

metals vary from 5 to ^^ cts. per pound, which con-

stitutes a strong temptation to substitute the cheaper

for the more expensive, so far as possible. The chem-
ist must be called upon to detect such substitution and
to determine whether the constituents have been prop-

erly proportioned. Scrap must be utilized and the

chemist is needed to test the remelted metal and ad-

just its composition to standard figures.

Paints are used in large quantities on cars, build-

ings, bridges, etc. The pigments are frequently adul-

terated with inferior, inert or injurious minerals, the

linseed oil with petroleum and inferior vegetable oils

and the turpentine with benzine. The proportions of

the specified ingredients must also be checked. Lubri-

cating and burning oils constitute another important

class of material for study, to secure the proper se-

lection of grades and maintenance of satisfactory

standards.
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The list of articles which come up for occasional at-

tention includes, soaps, greases, roofing materials, fire-

proofing materials, various chemicals, dyestuffs, ink,

grinding and polishing materials, disinfectants, rope,

cotton and woolen waste, fuel, etc., etc.

Xot only must all these materials be examined after

purchase but many of them must be bought on defi-

nite specifications in order to secure the desired qual-

ity under competitive bids. The writing of the speci-

fications falls chiefly upon the chemist. To this end he

must study carefully the needs of the service, the

quality of material best adapted to meet those needs, as

well as the quality available on the market, and finally

the methods of test best adapted to determine the

quality. This exhaustive study also may be the means

of ulthnately developing or improving various indus-

tries so that it is beneficial not only to the consumer

but ti) the producer.

It is natural that the chemist should also be re-

quired to study various methods and processes of op-

eration in difl-'erent parts of the railway service, with

a view to the economy of material or labor or to in-

creasing the efficiency of the service.

In all the work above described the investigator

must be more than a chemist. He must be something

of a geologist, a physicist, a metallurgist, and elec-

trician, or a sanitarian, as the case requires, and withal

must have the ability to predict the effect from the

cause, or to trace back from the effect to the cause.

It is for these reasons that the broad and compre-

hensive training offered b\- the Institute of Tech-

nology is especially adapted to fit men to take up

scientific work for the modern railwav.

THE ECONOMIC UTILIZATION OF LIGNITE
COAL.*

By EARLE J. BABCOCK.t

.\ccording to a U. S. Consular Report a German

chemist. Dr. .\. Eicheugruen. is reported to have dis-

covered an incombustible substitute for celluloid. Xu-

merous attempts have been made to find an acetylcel-

lulnse jiroduct that would replace celluloid, which is

made of nitrocellulose. Incombustible compounds

have been obtained, but none which could take the

l)lace of celluloid. The acetylcellulose products could

iml be u-ed in the manufactin-e of all sorts of objects

as can celluloid. P'or instance, it is impossible to make

f)bjects more than one-fourth <if a millimeter in thick-

ness out of ccllit, of whicli incombustible cinemato-

graph films arc made. I )r. luchengruen's product,

called "cellnn" (also an acetylcellulose product), is re-

ported til fiu'nish a satisfactory commercial substi-

tute fur celluloid which can be made into all sorts of

olijects. .According to reports it can be colored in

any wa)' that celluloid can and also be made to imitate

tortoise shell. When brought into contact with a

flame "cellon" melts, but does not take fire. By a sim-

ilar process Dr. Eichengruen secures a "cellon" var-

nish. .According to newspaiier reports, preparations

have been made to manufacture "cellon" and "cellon"

objects on a large scale.

North Dakota is fortunate in possessing an enor-

mous supply of fuel in the form of lignite coal, and

this is going to prove one of the greatest inducements

the state has to offer for the establishing of industries.

And so it is well that our attention be called to the

benefits to be derived from the proper utilization of

our great lignite deposits. I believe that these coal

anfl clay resources are to form the basis for a devel-

opment which will gradually convert North Dakota

into a rich mining and manufacturing as well as an

agricultural state.

The extent and economic importance of the lignite

coal deposits of North Dakota are seldom recognized.

There is a very large area in the western part of the

state which is uuflerlain with quite thick deposits of

lignite. Indeed North Dakota is one of the largest

coal states of the Union. It is estimated that she has

a coal area of 32,000 square miles, capable of pro-

ducing 500,000,000,000 tons.

To the people of the state the economic utilization of

our lignite, in whatever form it may be, is a matter

of very great importance, and the new fields which

promise to open up for the use of lignite in the pro-

duction of briquets and gas are well worth careful

consideration.

Eor this reason there has begun at the College of

Mining Engineering of the University of North Da-

kota and Mining Sub-Station some extended work

on the [iractical tests of a variety of methods of

manufacturing briquets and producing gas from lig-

nite, with a view to showing the utility and economy

of these products for heating, for power and for light-

ing purposes. In addition to this considerable work

has already been done with reference to other im-

proved methods of burning and utilizing lignite coal.

The brief statements which are here given will serve

only as a summary of the work which has been done,

the results thus far secured, and the promises which

these results hold out for future development of our

lignite fields. But what has been accomplished in

our experimental work at the School of Mines and

-Sub-Station leads me to believe that great improve-

ments can lie made in methods of burning and utilizing

lignite coal and that the manufacture of gas can soon

be put on a successful commercial basis.

This will not only make our lignite coal nnicli more

serviceable and more generally used and of high

enough value to be shipped for considerable distances

in competition with other coal, but it will also save an

immense amount of slack coal which would otherwise

•From The Quarterly Journal of the tJniversity of North
Dakota.
tDean of the College of Mining Engineering, University of

North Dakota.
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be wasted. In order to under,>^tand tjetter why our power. It is generally used in the most simple manner

lignite deposits have not been developed more rapidly and very few special methods have been adopted for

and to see what changes are needed in lignite to in- burning or utilizing this coal or for preparing it for

crease its value and usefulness, we may well consider the market. But there can be little doubt that for

briefly the character of lignite. general stove and furnace use briquetted lignite would

From the many hundred of analyses of lignite coal prove a most economic and profitable fuel. Lignite,

made in our laboratories, the average composition of however, has presented more serious difficulties to the

the dried coal would be about as follows: process of briquetting than has bituminous coal. For

this and other reasons the commercial briquetting of
Dri^d coal. .Approximate average.

jj^^.^^ ,^^^ _^^^_ ^^ ^^ ^^^.^ ^-^^^^^ ^^^^ ^^^^^ ^ .^^^^^^^ j^

v^u^^Z;::::::::::::::::::::::::::::::. t^'S:!t this country. There is nttie doubt, however, that a

Ash 8 per cent. successful and sufficiently inexpensive method for

Moisture from coal fresh from the mine runs from 25 to 35
^j^e commercial briquetting of lignite is now being de-

veloped at the School of Mines and the Mining Sub-
It is evident from the investigations which have

gt^tjo^ j^^ p^cess which we are now working out.

been carried on at the School of Mines that the heat
^^^ ^^,,^j^j^ ^^,jlj ^^ ^^-^^^^ explained in the following

value or calorific power of the average lignite of North
^^^^^ -^ ^^^^^^ commerciallv possible and profitable by

Dakota, when entirely dr>'. is about 65 per cent that
op;rating the briquetting in conjunction with a gas-

of the Hocking Valley coal, and about 60 per cent of producing plant in which a variety of by-products are
that of the Pocahontas coal. The analyses which have

^^^^^ ^^^^ utilized, and bv which process the residue
been made show that the fixed carbon in the samples of

^^^^^ j|^g ^^^^ 1^^^, ^^^^^ ^,^1,,^,, ^ff ^an be successfully

North Dakota coal (dried) usually runs from 48 to 52 briquetted into a concentrated and valuable fuel.

per cent ; that of West Mrginia bituminous coals about . , ^ , , , v i u ^i^ ,,, ,^.,.. A large amount of work has been done bv the writer
67 per cent : that of the better grades of semi-bitumin- . . .' .

' ^ "
, ,

. , on the problems of briquetting lignite, its use in the
ous dry coals of Maryland 7s per cent : and that of the

, . ^
1 ^i

" ' r •.. .-r »•
-' .... 1 r -r.

production of gas and other means of its utilization,
fine, dr\-, close burning bituminous coals of rennsvl-

t-, • .1 r ^1 •
1 -i. u u 11

.^'^
, . , '-J During the progress of this work It has become clearly

vania 70 per cent. In a general way it may be said • ,
"; .

"
^ j • . .u ^ ^ v 1

' ' °
r ^T ', T^ ,

evident, by repeated experiments, that lignite coal con-
that the heating power of one ton of North Dakota ^ . ^ ... ,.„ ^ r , ^v 4.^ ^

. . . tarns two verv widely different fuel constituents,
ligTiite, if it does not contain too much moisture, will

1 c ^ '
1 *.• r r 1 ^ 1

•
1^

,. s. r \- namely, first, a large proportion of light gases, which
equal about 6s per cent of a ton ^i.400 lbs.) of bitu- 'a ^

'

t- 1 1 * 4. 1* -^ ^ "^ pass off at a comparatively low temperature leaving,

* second, a residue, in character between coke and char-
In general appearance this coal is between a cannel

^q^]_ ^^j^,^ requires a very much higher heat for com-
coal and the brown lignite of Germany. It breaks up

bastion and burns more slowly. This residue does not
very easily when exposed to the air. This is no doubt ^^^^ ^^^^ remains as powder or slack which checks the
due in large part to the rapid evaporation of water,

^raft and is slow in oxidation. The bases, however,
there being usually from 25 to 35 per cent of moisture

^re verv light and are easily driven off from the coal

in the lignite as taken from the mines. The larger
^^ ^ comparatively low temperature. As a result they

portion of this moisture escapes rapidly and ^^^ distilled off quickly, in the ordinary methods of
causes, thereby, checking and splitting of the burning, and are either burned with a flashy flame or
lumps into lignite slack. This is one of the great- frequently lost, in a large degree unconsumed with the
est difi^culties to be overcome in the commercial

fl^,^ ^^g^; j^^^^ ^l^^^re is a very uneven combustion
handling and utiHzing of lignite. of lignite coal and it is impossible with the ordinary

In shipping coal containing so much moisture there type of furnace and firebox to secure a high degree

is a heavy loss in freight and a corresponding reduc- of efficiency in its consumption. Following out the in-

tion in the efficiency of the fuel. It is therefore im- vestigation suggested by these observations the writer

portant that the moisture be removed before shipment. has been led to inaugurate a systematic research on

But when this is done the fact that the coal still tends the production of gas from lignite coal and the utiliza-

to become slack presents another difficult problem. As tion of the by-products. The first work along this line

a result the utilization of lignite has been confined ^yas of a preliminary nature and was carried on in a

within comparatively narrow^ regions near the de- small way with laboratory apparatus in testing out a

posits. It would be an enormous stimulus to the large number of both lignite and ordinary gas coals for

utilization of lignite could it be satisfactorily and eco- the purpose of obtaining a general idea of the com-
nomically converted or concentrated into fuel free parative quality and character of the gas. tar and
from moisture and of a size adapted to general com- residue, of the temperature required for most efficient

mercial uses. These facts have directed our attention ^york with the various coals and an estimate of the

to the importance of some economical means of amount of ordinary by-products obtained from each

, briquetting lignite. coal under the conditions employed.

At the present time lignite coal is chiefly used in One of the first problems to be studied was as to

lumps in heating and cooking stoves and in engines for the uniformity of lignite relative to the gas contents.
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the character of the coke residue, the amount of moist-

ure present, the tar, ammonia and other by-products.

To cover these points a large number cf lignite coals

were collected from dififerent areas and these were sub-

jected to a great variety of preliijiinary tests. This

work required much time and labor, but gave most

valuable data which were utilized in planning the later

and more systematic attacks on lignite gas problems.

The results proved conclusively that the gas from the

lignites of different deposits is very similar, that it

may be removed at nearly the same temperature and

that it leaves a residue and by-products of a general

similarity although the quantity of each varies consid-

erably. The main products and by-products thus ob-

tained were compared and those obtained from ordi-

nary gas coals tested by the same processes. All of

this preliminary work was very suggestive as to the

possibility of the profitable production of lignite gas.

The small plant just described located at the School

of Mines was the forerunner of the large specially de-

signed briquetting and gas plant located at the Sub-

Station at Hebron where both the briquetting and gas

problems are being worked out on a scale so large

as to ensure commercial results. The briquetting

press is capable of turning out two tons of briquets

per hour while the gas plant is a full size unit complete

and of the standard type of construction.

The equipment of the large experimental gas plant

at the Mining Sub-Station consists of a bench of one

retort, one condenser, one exhauster, two scrubbers,

one purifier, one meter, all of the full size used in com-

mercial plants, one gas-holder and miscellaneous ap-

paratus necessary for the proper operation of the

plant.

LIGNITE GAS.

The principles of construction permitted of its be-

ing operated in a general way very similar to that em-

ployed in many commercial types of gas plants. Every

step of the operation was carefully watched and made

to approach as nearly as possible for so small a plant

the methods which might ordinarily be expected to be

required for economic production. The quality of gas

produced by this plant is probably inferior to that

which could be secured in a large commercial plant,

owing to the fact that in stopping and starting and

carrying on the experimental work there is frequently

introduced into the retorts, apparatus, and pipes vary-

ing amounts of air, a condition which it is impossible

to eliminate in an experimental plant. This is of

course detrimental to the gas since it gives a larger

proportion of carbon dioxide and of residual air.

Nevertheless this experimental plant has given excel-

lent results and indicates much wider possibilities as

to the amount and quality of gas from lignite coal than

was expected. There was generally used for each

charge of the retort 300 to 400 lbs. of air-dried coal,

the moisture content of which was definitely known.

The coal was crushed to an average size which would

about pass through a 2-in. ring. The lid of the retort

was well clamped and sealed and the temperature in-

creased gradually to the required degree. A series of

experiments were conducted to determine the temper-

ature giving the largest quantity and the best quality

of gas. It was found that the gas distilled freely at

900° to 1,000° F., while the proper temperatures to

give the maximum quantity and quality of gas seemed

to be between 1,200° and 1,400° F. High tempera-

ture readings were made by the pyrometer along with

simultaneous records of the rate of gas production.

At frequent intervals gas samples were obtained for

analyses. The desired heat was carefully maintained

until the evolution of gas ceased, after which the

LIGNITE GAS ,\N.\LVSIS.

(Considered average standard results of unpurified gas.)

o d
u
c §3

.a y.

bample ^ i: o > — aJ .t: J-;

Series == uS E S § ^; O OQ
A 3.11 17.24 45.16 0.14 15.59 5.49 1.76 11.51

B 2..35 18.70 4.5.45 1.02 14.42 5..34 1.21 11.51

C 2.10 19.24 41.26 0..39 16.31 4.30 1.00 15.40

GAS YIELDS AND HEATING VALUES.

Purified from Carbon
Unpurified.

Sample Yield Cu. Ft.

Series. Calorific. Value in B.T.U.
A 10,663 400.07

B 11,306 406.60

C 11,801 399.8

Dioxide and Air
Yield Calorific

Cu. Ft. Val. B.T.U.
8,523 500.

9,.347 491.8

9,410 501.1

Average. 11,257 402.2 9,095

Retort Residue Yields.

497.6

Sample series.

A
B
C

Yield per ton.

dried lignite.

1208
1233
1266

Average 1236 >

Comparative Calorific Values.

Lignite as mined 7,500- 7,800 B. T. U.

Lignite retort residue 10,.500-11.500 B. T. U.

Lignite briquets 12,000-12,500 B. T. U.

Antliracite coal 12,500-13.500 B. T. U.

TAR AND AMMONIA.

Tar per ton dried coal 20 to 30 lbs.

Ammonia sulphate per ton dried coal 14.5 to 15 lbs.

C0MPAR.\TIVE COAL AN.\LYSES.

Moisture. Vol. Matter. Fi.xed Carbon. Ash.
Per cent. Per cent. Per cent. Per cent.

Lignite as mined 35.01 25.11 34.67 5.21

Lignite briquets to 6 2 to 8 75 to 85 Id to 14

Anthracite coal (a

market sample).... 3.68 5.26 80.51 10.55

valves were closed, the non-coking residue drawn,

cooled down and carefully weighed. The gas was

passed successively through the tar extractor, the con-

denser, the scrubber, the purifier and finally to the

gas-holder, where the quantity was accurately read off

from the holder after having been carefully corrected

to normal temperature and barometric pressure.

After the gas was measured, analyzed and tested by

the calorimeter to determine its heat value, it was

used with different types of burners and in various

practical ways to demonstrate its efficiency as a fuel •

gas. In the case of the by-products the tar was sep-

arated from the water and weighed and the ammonia
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separated and detennincil. The resulting proportion

of non-coking retort residue remaining was also deter-

mined and an analysis made indicating the fixed car-

bon, volatile matter and ash. From this data the com-

position of the residue could he compared with that

of the original lignite and also with that of bitu-

minous and anthracite coal.

The calorimeter determinations were made with the

Sargent gas calorimeter properly standardized.

The gas made from the lignite has not only been

subjected to a great number of chemical and calorific

tests, but has also been put to a variety of practical

tests. It has been burned in the ordinary manner

for lighting purposes, and gives a most satisfactory

and brilliant light with the ordinary mantle burner. It

produces a clear smokeless flame and is easily regu-

lated, with proper adjustment, so that the light is

equal to that produced from any city gas. It is almost

free from sulphur without purification. In fact it

seems entirely unnecessary- to purify the lignite gas.

This saves materially in the cost of manufacture. All

that seems necessary is the usual scrubbing with water

which is of course a very simple and inexpensive

method.

We have found from a large number of tests that

the expensive lime or iron purification required in most

city coal gas is unnecessary with lignite gas. This,

however, could be done by the same methods usually

employed and if the gas were purified in this manner

to correspond with the treatment given the ordinary

coal gas the composition and heating value would be

considerably modified. The heat units developed

would probably be increased to between 450 and 500

P>. T. U. as compared with standard gas of 600

B. T. U.

By this purification and complete removal of air a

value of 500 B. T. U. could be obtained, but as already

stated the character of the gas and the freedom from

objectionable impurities make unnecessary the addi-

tional expense of purification usually required of coal

gas. The gas is dry and free from tar and other

matter which would cause condensation or clogging.

This is a material aid in the practical distribution and

use of gas especially in cold climates. The most severe

and continued tests have been given to determine the

condensation produced in carrying the gas in .slightly

protected or unprotected pipes during the cold weath-

er. In this case no trouble was experienced from

condensation.

The gas was used sixccessfully not only for lighting

but it gave perfect satisfaction and exceptionally high

efficiency. The power tests have not been completed

and have only been carried sufficiently far to prove

that the gas can be used with entire satisfaction for

power in gas engines. Several tests have been run

with modified gasoline and gas engines at the Sub-

Station and at the University. At the latter place the

tests were made in comparison with standard city gas.

It was found that the lignite gas is satisfactory and

will develop a relatively high efficiency. It is almost

certain that this gas will produce a very cheap power

for general purposes and for the production of elec-

tricity.

It is expected that much more extended tests

along these lines for the utilization of this gas for

power and the production of electricit}' will be car-

ried on during the coming year. There is little doubt

that the use of lignite gas for power purposes can be

successfully employed and power produced at so low a

figure as to exert a marked influence in the develop-

ment of a variety of industries dependent upon cheap

and abundant power thus available in the western part

of the state.

By reference to the tables it will be seen that air-

dried lignite produces in the experimental plant 11,000

cu. ft. of gas per ton of lignite. This is an excellent

gas production from lignite coal. Moreover it will be

seen from the analyses that the gas is of fairly good

quality, yielding about 400 B. T. U. unpurified and

nearly 475 B. T. U. when purified and free from car-

bon dioxide. The retorting is done at comparatively

low temperatures thereby reducing considerably the

cost of production. The gas is rather high in carbon

dioxide and hydrogen, as will be seen by the analyses,

but as has already been stated this fact is undoubtedly

due in a large degree to the moisture and air which

are absorbed on account of the porous character of the

lignite. Part of this air, however, is derived from

the retort and pipes, a condition unavoidable in stop-

ping and starting an experimental plant, but which

would be much less proportionally if the gas were

manufactured continuously in a large plant. In re-

torting, the oxygen from the air, present from the

sources just mentioned, combines naturally with the

carbon forming a larger proportion of carbon dioxide

and carbon monoxide, thus leaving a relatively large

amount of nitrogen. These conditions might be im-

proved in a large plant in continuous operation.

The yield of ammonia is seen to be quite good, a

condition to be expected from lignite coal. This am-

monium sulphate is of very good commercial value

and is extensively used as a fertilizer.

By reference to the tables the yield of tar is seen

to be approximately i to 2 per cent. The exact de-

termination however of the quantity and character

of this tar has not been worked out yet. It seems to

be rather high in paraffin ingredients of value. By
special methods of treatment it may be quite pos-

sible to utilize a large proportion of the tar, in con-

nection with other material, as a partial binder for

briquetting the non-coking residue and thus reduce

to a considerable extent the cost of lignite briquets.

This lignite tar is not adapted in itself, and with-

out modification, to briquetting purposes. We have

succeeded in using it very satisfactorily in small quan-

tities by special methods of treatment wdiich the in-

vestigations thus far carried on indicate as a possible

method of utilization on a commercial basis.
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Considering the ease with which the gas is pro-

duced, the low cost of the original lignite and the value

of the residue, this gas should have a large commercial

value for heating, lighting and power purposes, be-

cause of the low price for which it could be sold if

manufactured in a plant used also to produce briquets

from the residue.

It has been found that this concentrated residue has

a high heating value when briquetted, producing a most

excellent fuel, for all practical purposes equal to an-

thracite coal, as seen by calorimeter and stove tests.

One ton of dry lignite will produce between one-half

and two-thirds of a ton of these briquets in addition

to lo.ooo to 12,000 cu. ft. of good gas and other valu-

able by-products. Briquets of such excellent quality

and high fuel value (at least 12/13 ^l^e actual heating

value of hard coal), can be sold at a good profit at

the price of soft coal in the western part of North

Dakota and materially lower than hard coal in the

eastern portion of the state. Having such high heat-

ing value and being so strong these briquets can be

shipped for considerable distances and prove an ex-

cellent and economic fuel.

BRIQUETS.

The briquets present many advantages over the

original lignite or even over the other varieties of coal.

They have nearly double the heating value of the

original lignite, as usually placed upon the market,

they do not disintegrate on standing or burning, can

be stored without being affected by atmospheric condi-

tions, and are uniform in size and convenient to

handle.

As has already been seen the process which we have

developed for the successful manufacture of briquets

from lignite coal is intimately associated with the

production of gas ; and according to this system a

complete briquetting plant would also include a simple

gas plant or at least the carbonizing portion. For

these reasons the discussion of the manufacture of gas

from lignite and an explanation of the gas plant have

preceded that of briquetting.

The principles underlying the process of lignite

briquetting which we have worked out at the School of

Mines and the Mining Sub-Station depend upon the

concentration of the raw lignite into a fuel of rela-

tively high heating value, of permanent character and

of sufficient value to be shipped in competition with

anthracite coal.

This concentration depends upon, first, the re-

moval of the moisture, second the expulsion and sav-

ing of the volatile gas, and third, the binding to-

gether of the concentrated residue into a strong, dur-

able and satisfactory briquetted product. As the coal

is removed from the mine it contains a very high per

cent of moi.sture, usually more than 30 per cent, i. e.,

about one-third of every ton of raw lignite as mined

is water. This fact is largely responsible for the diffi-

culty in the successful introduction of lignite except in

the immediate vicinitv of the mines.

The cost of shipping fuel containing so much water

is prohibitive for long distances. In addition to this

the heating value of the coal is reduced by the amount

of water present. On standing a portion of the water

evaporates from the coal but in so doing tends to re-

duce the lumps to slack, causing thereby a large

amount of waste. In converting the raw lignite into

the condensed briquets, the first step is therefore the

removal of this water. The lignite is run through a

rotary drier which removes from 75 to 90 per cent

of the moisture.

After the coal has been sufficiently dried it is con-

veyed to the retort and the gas driven oiif as already

explained. This process is usually completed in about

four hours. At the end of this time the retort is dis-

charged and the remaining coal residue quenched and

crushed ready for the mixing with the binder. The

coal and the binder are then warmed to the proper

temperature and conveyed to the mixer where a very

thorough blending of coal residue and binder takes

place.

At this stage lack of uniformity and proper mixing

produces a briquet which is uneven and of inferior

quality. The temperature and the proportions of ma-

terial must also be carefully watched. This is one of

the most particular phases of the briquetting process.

When the mixing has been carried on for a sufficient

length of time the material is discharged and con-

veyed directly to the briquet machine.

Besides the conditions which have already been

mentioned there are numerous details of mixing, tem-

pering, etc., which can be properly understood and

controlled only by experience. Conditions vary great-

ly with the kind and character of the binding material

used.

The press used at the experimental plant is of the

rotary type and is capable of producing two tons of

the briquets per hour. It was built to order, especially

for the Mining Sub-Station.

This machine is extremely simple in its design and

operation. The material to be briquetted is fed be-

tween two rolls, the surfaces of which are covered

with pillow shaped pockets, half of a pocket being

on the under and half on the upper roll. The rolls are

so geared that the upper and lower portions of the

pockets exactly correspond as the cylinder rotates.

The coal mixture is fed between the two rolls and

pressed into the pockets, by which process firm, dense

briquets are made and as the rolls revolve the briquets

are discharged to a belt conveyor by which they are

carried to the storage bins and the briquetting process

thus completed. The briquets are of convenient shape

and size weighing about 2^ ounces each.

Briquetted fuels have been extensively used in Ger-

many and other parts of Europe where a variety of

methods of manufacturing have been employed with

varying degrees of success. With certain European

coals briquet blocks have been produced without a
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binder, while in other cases lime, sugar wastes, starch. The chief advantages to be gained in the briquetting

pitch and other liinding materials have been employed, of lignite are the large gain in heat value, the pre-

Xunierous attempts have been made in this country to vention of slack so characteristic of this coal, the hold-

briquet coal without a binder by merely excessive ing together of the mass during combustion, the pre-

pressure but this has proved unsatisfactory. By such vention of matting in the firebox, free burning, uni-

a process the expense for power and operation nearly formity in size, cleanliness in handling, and decrease

equals the additional cost of the binder. For these in the loss, caused by the dusting. In addition to

and other reasons no satisfactory briquets of American these points briquets can be used to better advantage

lignites have been produced on a commercial scale in a variety of stoves, and may be kept under more

without a binder. perfect control than the ordinary form of lignite. But

In most of the briquetting work of the School of the greatest advantages are the increased heating

Mines and the Sub-Station, we have used some form power and the fact that the lignite is put into a satis-

or combination of pitch binders, but we have also used factory form which will stand weathering, handling

man\- other binders such as flour, starch, gypsum and and burning without disintegration,

various combination binders. About 200 tests have There is comparatively little loss through the grate

been run with difl:erent proportions and other varying 53^3, the briquets burn to a perfect ash in which prac-

conditions. Up to the present time our best results tically all of the fuel has been consumed. Anthracite

have been secured, however, in the use of a small ^^^i leaves a considerable amount of clinkers contain-

amount of pitch as a binder base mixed with a small j^g a greater or less amount of black imperfectly

per cent of other materials mentioned. burned fuel or carbonaceous matter. The complete

In the process of gas manufacture we have found combustion secured in lignite briquets is greatly in

that between 20 and 30 lbs. of pitch is obtained from (^^5^ f^^^^ from the point of economv.
carbonizing one ton of dry lignite. By a simple proc-

^,^^ ^^j^^.;^^ determinations were' made with the
ess which the writer is now at work on, this pitch can

j^^^^^ improved standard bomb calorimeter. These
probably be utilized for a considerable portion of the

determinations show the following:
binder material thus reducing to a minimum the use ,. . . , r- -aatj -r tt^ Lignite as mined t,ow a. 1 . v.

of Other pitch, requiring probably not more than 4 Lignite briquets 11,500 to 12,000

per cent of pitch in addition to that derived from the Anthracite coal 12.000 to 13,000

lignite. Or if this lignite tar is more valuable than It will be seen that lignite briquets have raised the

ordinary pitch, as now seems probable on account of heating power of the lignite about 70 per cent and give

its peculiar composition, it may be sold at sufficiently ^ calorimeter value of approximately twelve-thtr-

high price to go a considerable way in reducing the teenths the heating value of anthracite coal. The

cost of the other binders required in briquetting. chemical analyses of the briquets as compared with a

..^ ^. I 1 , u 11 1 t n t t-u raw coal are shown by the following table

:

Attention has alreadv been called to the use of the -' °

vu'tu 1, • 4.1- I i ii Moisture. Vol. Matter. Fixed Carbon. Ash.
gas m connection with the briquetting and to the rev- „ „ ^ „ ^ „" 1 & Pgr (,gj,( Pej. (.p„{ Per cent. Per cent.

enue which may be derived for the plant by a com-
Lignite as mined 35.01 25.11 34.07 5.21

bination of gas and briquetting plants, but in addi- Lignite briquets to 6 2 to 8 75 to 80 10 to 14

tion to this, as already has been pointed out, there is
-""ma'te 'sampfe) .

.^.^
3.C8 5.26 80.51 10.55

a considerable amount of ammonium sul])hate formed Many practical burning tests have been made using

(nearly 15 lbs. per ton of dry lignite) and this by-
^i^g lignite in comparison with anthracite coal and the

product has a ready market. Thus we see that by ^^^^ gf Youghiogheny soft coal. They have been used

saving the various by-products and applying the rev- „„der boilers and have proved a very excellent and

enue derived from them to the manufacture of the economical steaming fuel. They have been used in hot

briquets the cost may be very materially reduced. In ^j^ g^^i i^^^ ^^ater heating plants with excellent re-

a large commercial plant the saving of a few cents per
j,y]tg_ ;„ e^gj-y way equal to anthracite in the heat pro-

ton will be sufficient to net a good profit. duced and the length of time they lasted. They make

As has already been stated a great variety of tests a very pleasing grate fire, much easier to control than

have been made at our Sub-Station but still other either hard or soft coal. In the kitchen they have

tests will be run at fast as opportunity and funds proved particularly satisfactory ; they are easily

permit. Some further improvement and reduction kindled, produce a high heat with a slight flame

of costs can do doubt be made, but even now the re- which is free from soot, leaving the stove and lids

suits have proved very satisfactory. clean and producing an excellent fire for cooking and

The briquets which we are now able to run out baking. They hold the heat well, last easily over night

regularly and in considerable quantities are first class and can be controlled readily by operating the grates

in every respect. Thev are strong, hard, durable and and drafts. They have burned with excellent results

will stand weathering excellently and burn wnth entire in the direct draft heating stove and self-feeder base

satisfaction in most any type of stove or furnace. They burner hard coal stove. In order to determine the

have been tested in a very great variety of ways and practical value of lignite briquets as compared with

have always made the best showing. anthracite coal and as compared with raw lignite a
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number of very carefully conducted stove tests were

made.

,.A.fter running a number of tests with a special

direct draft stove giving evaporative as well as heat-

ing tests and in the hard coal self-feed and base

burner, an average of the tests was made with the

following relative results:

EVAPORATIVE AND HEATING TESTS.
Per Cent.

Per cent of evaporation of anthracite coal considered 100

Per cent of evaporation of lignite briquets 121

Per cent of heating value of anthracite coal considered. . . .100

Per cent of heating value of lignite briquets 126

The manner in which the briquets and the anthracite

burn in each case and the total heat produced and the

duration of the fire may be readily seen by the curves

shown in Fig. i. From this it will be seen that burned

in a regular hard coal stove the briquets made of lig-

nite residue gave about }4 more available heat than

did anthracite coal.

In the regular process used for the manufacture of

illuminating gas from coal there is left a residue, gen-

erally known as coke, which has considerable market

value. Heretofore the difficulty in the use of lignite

for the production of gas has been diat the carbon re-

maining behind did not form into lumps like coke but

broke up into small particles which were of no com-

mercial value. Thus while the amount of gas pro-

duced from lignite was large, the waste of non-

coking residue was so great as to render the manu-

facture of gas from this coal unprofitable in most parts

of the state. The method of combining briquetting

and gas production just described and which has

proved so satisfactory in our investigations has over-

come this difficulty.

But this method of gas production must not be con-

fused with a new system known as the producer-gas

method for the production of gas from anthracite and

other coal waste and well adapted for generating pow-

er in specially designed gas engines and for certain

other purposes.

PRODUCER-G.\S.

Producer-gas is derived from incomplete combus-

tion of the fuel held in a specially devised combustion

and gas producing chamber. Unlike the production of

ordinary coal gas, there is no residue of coke left in

the producer but the coal is in part converted into gas

by the combustion of the remaining portion. To bring

about this transformation to the best advantage and to

supply a large amount of hydrogen and carbon mon-

oxide, steam is introduced into the chamber during the

burning of the coal.

The development of producer-gas for power has

been quite rapid although the details of the problem

with reference to lignite coal have not been settled

by any means, still the results which have been

achieved are such as to promise much in the use of

lignite by this method. Many fuels of comparatively

little value, as used under boilers in the old direct

burning method, have been made to yield very excel-

lent results when utilized in the producer gas plant.

The more perfect utilization and saving of our coal

and the cheaper production of power thus brought

about are items of great interest to- every citizen.

\\'hatever method will bring a cheapening of power

will result in great saving and benefit to all classes.

Until four or five years ago only very slight at-

tempts had been made to utilize lignite as a gas pro-

ducer. During the time of the World's Fair at St.

Louis a tnodel producer-gas plant was put in opera-

tion by the United States Government. Surprisingly

successful results were obtained in the use of different

coals for the production of gas for power. The lab-

oratory work which had already been carried on at

the School of Mines indicated at once the possibility

of successfully using lignite coal in this producer-gas

]5l?.nt.

The writer therefore arranged for the testing of

two or three carloads of North Dakota lignite at the

goxenunent testing plant at St. Louis. The results

secured .were very satisfactory, for it was found that

Xorth Dakota lignite used in the producer-gas plant

gave more power than many of the eastern bituminous

N

Fig. 1—Comparative Burning Qualities of Lignite Briquettes
and Anthracite.

coals burned by the old method. The gas can be used

also for kiln and special types of furnaces.

The composition of producer-gas varies greatly

with the dififerent fuels from which it is derived. The

following table based upon the U. S. Government

reports gives the analysis and relative heating and

power producing quality and the comparative con-

sumption of coal per unit of power produced by the

steam engine and the producer-gas from these dififer-

ent grades of coal, including North Dakota lignite

:

Virginia. Ohio. North Dakota.

Anthracite. Bituminous. Lignite.

Carbon dioxide 10.2 9v 8.69

Carbon monoxide 19.1 20.2 20.90

Hydrogen 20.-5 15.?. U.3.3

Methane (CH.) 1.9 2.7 4.85

Nitrogen 48.2 52.8 51.02

Ethylene (C^H,) 0.1 0.5

B. t! u. per cu. ft. gas 160.7 165.2 164.1

Dry coal gas consumed by
producer plant per h. p.

switchboard per hour, lbs. . . 1.29 1.44 2.29

Dry coal consumed in steam
engine per h. p. switchboard
per hour, lbs 4.46 3,97



IlIIlC. 11)11. THE CHEMICAL ENGINEER 227

Xitrogen ami carbun dioxide gases are not consid-

ered directly serviceable in the production of power,

therefore the aim is to secure as small quantities of

these gases as jxissible but to increase the proportion

of hydrogen, carbon monoxide, and methane.

While this is true that, per cubic foot, the heat value

of i)roducer-gas is much below natural or coal gas, yet

this fact is more than compensated for by the large

quantity of gas produced per pound of coal. The heat

units of producer-gas amount to about 1-5 to 1-6 that

of the ordinary city gas, but the volume of producer-

gas gotten from a ton of coal is so large as to more

than compensate for the difference in value. Because

of the relatively large amount of gas produced, and

the ease and cheapness of the process, the final cost

per thousand feet of producer-gas is very low.

The power developed and the results secured from

Xorth Dakota lignites are remarkable in comparison

with other fuels, especially when compared with the

usual method of using the lignite as a steam producer.

There seems to be excellent possibilities in the utiliza-

tion of this method in connection with our lignite coal

and wastes.

CONCLUSIONS.

From the tests so far made in the briquetting and

gas plant, it would seem that at least in the western

part of the state of North Dakota, a heating and light-

ing gas can be produced economically having a calor-

ific power of about 400 B. T. U. per cu. ft.

For lighting purposes the gas produced from lig-

nite by several methods used here in the University

laboratories and at the Sub-Station has proved very

satisfactory when burned with a mantle of the Wels-

bach type. The gas burns freely with a strong light

and a clean flame.

Considering the ease with which the gas is pro-

duced, the low price of the original lignite and the

value of the residue, this gas should have a large com-

mercial value for heating, lighting, and power pur-

poses, because of the low price for which it could be

sold if manufactured in a plant used to produce briq-

ets from the residue. It has been found that briquets

made from this concentrated residue produce a most

excellent fuel, for all practical purposes equal to

anthracite. One ton of the lignite will produce about

half a ton of these bricjuets in addition to 10,000 or

12,000 cu. ft. of gas. These briquets have about 12-13

the actual heating value of average anthracite and can

be sold with a good profit at about the price of soft

coal in the western part of North Dakota and lower

than hard coal even in the eastern portion of the state.

These briquets give a product of such fuel value

that they can readly be shipped for considerable dis-

tances and still prove profitable. The briquets present

many advantages especially over the original lignite as

usually placed upon the market. The heating value is

nearly doubled, the briquets do not disintegrate on

standing or burning, they can be stored without being

affected by atmospheric conditions, they are uniform

in size and convenient to handle.

No detailed statements of the cost of operating a

large commercial plant are given here, for the reason

that the cost per ton of briquets and per thousand feet

of gas and other by-products will depend upon a large

number of factors any one of which may materially

affect the cost.

All the data which we have secured from our in-

vestigations and the operation of our experimental

plant indicate that in a plant of fair capacity so con-

structed as to economize in the original cost, the cost

of operation and the efficiency, if under careful man-

agement should turn out excellent commercial products

at a selling price which would admit of a good profit

when the products are sold far under ordinary mar-

ket price. As already stated, gas can be sold at a very

moderate price and the briquets could be furnished

with profit to the manufacturer much below the price

of soft coal in the western part of the state or hard

coal in the eastern portion.

From the results obtained by the methods being

worked out at the School of Mines and the Sub-Sta-

tion of the University there seems little doubt but that

the briquetting and the production of gas from lignite

will in the future be put on a commercially satisfac-

tory basis in this state. While this will prove of great

value to all parts of our state, it will be especially im-

portant to those communities nearest the great lignite

deposits in the western portion of the state, for in

some of these the wastes can be converted into elec-

tricity which in turn can be sent to surrounding towns

and villages, thus distributing power and light from

numerous central power plants.

.\11 of this will, of course, mean in the aggregate the

saving of large sums of money for the citizens of the

state and the introduction and development of a va-

riety of manufacturing industries in an otherwise

purely agricultural region.

According to a preliminary bulletin of the U. S.

Bureau of Census the total value of the crude products

of the cotton seed crushing industries of the United

States increased 154 per cent during the last decade

and aggregated $107,538,000 in 1909 in contrast with

$42,412,000 in 1899. Cotton seed to the extent of

3,827,300 tons, costing $78,112,000 in 1909, and 2,479,-

400 tons, costing $28,633,000 in 1899, was needed for

the manufacture of these crude products. The output

of cottonseed oil amounted to 158,328.500 gallons,

worth $55,328,000 in 1909, and to 93,325.700 gallons,

worth $21,391,000 in 1899. The meal and cake

totaled 1,674,500 tons, valued at $40,493,000 in 1909,

and 884,400 tons, valued at $16,031,000 in 1899. Hulls

weighing 1,269,200 tons, and worth $7,711,000 in 1909,

compared with 1,169,200 tons, worth $3,189,000 in

1899, were also included among the products of the

crushing mills ; likewise 175,512.100 pounds of Hnters

in 1909 and 57,272,000 pounds in 1899, having a value

of $4,006,000 and $1,801,000 in these years, re-

spectively.
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SUGAR REFINING.*

By W. D. HORNE.

Just as sugar made from the cane appears first to

have been used in the orient and to have followed a

westerly path, so we find the art of refining had its

origin in the east and progressively traveled westward.

Although the sugar cane was in use in India as early as

the fifth century B. C, we learn of refining having

been practiced first about 500 A. D. in Mesopotamia.

A large trade in refined sugar gradually developed be-

tween the orient and Europe and in 1470 a certain

Venetian was awarded a government payment of

100,000 crowns for discovering a process of refining

sugar, which was from that time extensively carried

on in Venice. In the sixteenth century Antwerp led

in the sugar trade in Europe and in the refining in-

dustry. England began refining sugar in 1544 and

gradually gained the supremacy over the other Euro-

pean countries in the industry. With the development

of refining in Europe, the price fell from two shillings

per pound in the thirteenth century to four pence per

pound in the sixteenth century. This undoubtedly was

partly due to the general introduction of the sugar

cane into the West Indies from 15 10 to 1650, and the

consequent enormous production of sugar and its ever

growing commerce.

As early as 1689 there was a refinery in New York

City, and by 1795, Xew York, Philadelphia and Bos-

ton refined about 1,200,000 lbs. of sugar yearly out

of the 60,000,000 lbs. which was ainuially consumed,

being about 2 per cent of the entire amount. Re-

fined sugar was heavily protected by duty and sold at

20 cents per lb. By i860 there were 41 refineries in

the United States, producing $42,000,000 worth of

sugar annually. Xow there are about half as many
refineries, turning out about 3.000,000 tons of sugar

aniuially, worth about $300,000,000.

In 1747 r\Iargraf succeeded in obtaining 6.2 per cent

of sugar from beets and Achard established the first

beet sugar factory in Austria in 1769. Napoleon, to

encourage the industry on account of the difficulty in

obtaining sugar because of the blockade of the French

ports during the wars, heavily subsidized the industry

in France about the beginning of the last century. It

gradually spread over Europe. The first experiments

in beet sugar manufacture in the United States were

made in 1830 and again some beet sugar was made in

California, Illinois and Wisconsin during the period

from 1863 to 1876. Claus Spreckles built a factory in

1870 at Alvarado, Cal., which was the first to meet

with pronounced success. The industry has developed

considerably since then, until there are now 64 fac-

tories, located principally in the western states and

Michigan, with a total output last year of 457.000 tons,

being 13.02 per cent of the consumption of the coun-

try. By 1900 the production of beet sugar had so

•From The Quarterly.

increased that it had grown to be 60 per cent of the

world's sugar supply.

In 1910-11 the world's sugar supply will be 17,000,-

000 tons—50 per cent cane and 50 per cent beet. Sugar

is produced also in small quantities from the sap of

the date palm in some eastern countries. Prolonged

attempts were made in this country some 15 or 20 years

ago to produce sugar from sorghum, but without suc-

cess, as the dextrinous bodies in the sorghum juice

prevent large quantities of the sucrose from crystalliz-

ing, and this plant is now used exclusively for the

manufacture of syrup. The annual production of

maple sugar in this country amounts to 6,000 tons, but

as maple sugar owes its principal value to its pleasant

flavor, rather than to its sweetness, it is always sold in

its raw state, as refining it would rob it of half its

present value and render it impossible of competition

with cane or beet sugar. ]\Iilk sugar is produced to

some extent and used, always refined, for medical pur-

poses principally.

Sugar refining consists essentially in the purification

of the crude crystalline material through the well-

known process of re-crystallization. To this we can

add the second process of absorption of impurities

by means of bone-black, first introduced by Derosne in

18 12. By this means is affected a direct separation of

impurities from the sugar solution and a large re-

moval of the coloring matters, allowing of the more

easy production of perfectly white crystals. While the

process is relatively a simple one, and perhaps more

mechanical than chemical in its nature, the enormous

consumption of sugar in the country and keen compe-

tition in manufacture have led to the establishment of

very large and elaborately equipped plants for the

conduct of operations where every economy of pro-

cedure is carefullv observed. The great amount of

capital involved in erection and maintenance of such

plants, together with the highly developed technique

required for their operation has tended to keep the

business in relatively few hands and to render it a

dangerous enterprise for any but the most thoroughly

equipped to venture upon. The sugar refineries of the

country are in a few spots—New York, Philadelphia,

Boston, Xew Orleans, San Francisco and Baltimore

containing practically all of them. In 1910 the country

consumed 3,350,355 long tons of sugar, practically all

being refined. Of this amount 333,006 tons were cane

sugar raised in Louisiana and neighboring states, 457,-

000 tons were beet sugar raised and refined during the

I)rocess of manufacture in our western factories, 2,-

472,756 tons came from our insular possessions and

Cuba, and 72,393 tons came from other foreign coun-

tries. ^^'e imported practically no beet sugar and we

exported practically no sugar at all. With the excep-

tion of Great Britain, the United States leads the

world in the consumption per capita of sugar, this

being 81.6 lbs. per person. ]Most of this goes into

direct use for household purposes and yet enormous

quantities are consumed by manufacturers of confec-
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tioiis, preserves, condensed milk, as well as by canners

of fruit, ice cream makers, soda water fountains and

many other users.

As will be seen, the natural location for a sugar re-

finery is on the water front where it can more econom-

ically receive and unload the great cargoes of sugar

and of coal which come to it almost daily, for a mod-

ern refinery melts from a million to three or four mil-

lion pounds of sugar per day. The economical han-

dling of this vast amount of raw material and the suc-

cessful guidance of so much organic matter in solu-

tion at high temperatures through long and compli-

cated processes, without fermentation, decomposition,

discoloring or waste is no mean accomplishment; but

as in every other instance of manufacture the whole

matter has been worked into a routine, which once

properlv installed, almost takes care of itself. As the

sugar, whether in solution or later in granular form,

has to pass through many operations in a continuous

stream as it were, it is thus found advantageous to

have the units of a sugar refinery many stories high, so

as to take advantage of gravity to pass these solutions

from ]jlace to place or in delivering the dryer ma-

terial from one department to another. This holds

true equally of the bone-black, and we find the char

house is usually a tall building in close proximity to

the sugar house itself. In many instances the boiler

house also has its coal bunkers in the upper story,

allowing the fuel to feed by gravitation into the fire

room or even upon the grates themselves. The high

cost of real estate in cities also makes it advisable to

extend upward rather than laterally. Each sugar re-

fining plant will be found to have a large dock depart-

ment for the receiving, weighing and storage of raw

sugar, a boiler house for the generation of steam for

power and evaporation, a wash house for the so-called

washing of raw sugars, the pan house for boiling,

granulating and other processes of manufacture of dry

sugars, a char house for the accommodation of the

bone-black filters, kilns for the re-burning of the char,

etc., and usually a warehouse for the storage and

shipment of refined products. These departments are

not alwavs built separately and frequently more than

one of them will be found in the same building.

Somewhat difl:'erent processes are used for the re-

fining of beet and of cane sugar, but the difference

consists principally in the method of defecation or

clarifying the original raw sugar solution of its sus-

pended impurities and part of its coloring matter. In

either case the first operation is the unloading, weigh-

ing and storage of the raw sugar, whether in bags,

baskets, mats, hogsheads or in other packages, in

proximity to the melting department. A portion of the

sugar is usually taken direct from the scales to the

wash house, where the sugar is raised by a bucket

elevator to an upper story and mixed with a low

grade syrup while passing through a conveyor to the

raw sugar mixer. The magma of raw sugar and syrup

is fed from the mixing tank containing revolving arms

into centrifugal machines, which purge the syrup from

the sugar in a few minutes. Water sprinkled on afifects

the final washing, giving a sugar of high purity and a

low syrup. This sugar is dissolved in a round melting

tank with revolving arms in hot water to a density of

about 30 Beaume, pumped into blow-ups, treated with

a very small amount of acid calcium phosphate and

made slightly alkaline with milk of lime. Such a solu-

tion would boil at about 217.5° F. and its temperature

is next raised to something under 200° F. whereby trj-

calcic phosphate is precipitated, entangling the sus-

pended impurities and also removing, possibly by pre-

cipitation, some of the coloring matter. The lime has

the effect of jjrecipitating some of the gums and the

heat at the relatively slight alkalinity precipitates most

of the albuminoids. This process is applicable to cane

or beet sugar or to a mixture, but in defecating beet

sugar alone it is sometimes customary to add a few

tenths of a per cent of caustic lime, precipitating this

with carbon dioxide which precipitates suspended mat-

ters and largely removes the color. In either case

the solution inust be mechanically filtered. This is

commonly done through cotton twill bags enclosed in

woven sheaths. These are called Taylor filters. In

the case of beet solutions the filter press is sometimes

used, but this is not applicable to cane sugars which

are gummy and sticky and clot the filter press. Beet

sugar solutions are sometimes treated wdth sulphur

dioxide after this preliminary alkaline defecation and

again filtered in presses in a very faintly alkaline or

neutral condition. The filter bags after becoming

nearly exhausted are allowed to drain during several

hours, are washed with hot water several times al-

lowing to drain between times, and are removed from

the closed iron tanks in which they hang, for wash-

ing. They are turned inside out and rinsed in several

waters, passing through wringers between them. The

muddy water thus obtained still contains some sugar

and is pumped through filter presses, the sugar of the

clear filtrate being recovered. The press cake, contain-

ing very little sugar, is discarded.

The clarified solutions are next filtered through

bone-black, contained in cylindrical filters or cisterns.

The liquor gives up the greater part of its color and a

less per cent of its ash and organic impurities to the

bone-black and is collected in storage tanks according

to color and purity. Lower grade solutions of greater

color follow the washed sugar solution on the char,

so that the last filtrate from the char is pretty dark in

color and much lower in purity.

The char filtered liquors pass to the vacuum pan,

holding about 1,000 to 2,000 cu. ft., where it is boiled

to grain and concentrated to a low water content.

This magma is dropped into the mixers or crystal-

lizers. from which it passes to the centrifugal ma-

chines, where it is purged and washed with a spray of

clear water, sometimes followed by a spray of blue

water, formerlv colored by uUramarine, which of late
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years has been replaced by harmless aniline colors pre-

scribed by the government, since the pure food law put

its ban on ultramarine as a mineral substance, not to

be allowed in sugar products. The syrups can again

be boiled in the vacuum pan to produce granulated

sugar, and when the impurities and color accumulate

enough the syrups are used for yellow sugars.

The moist sugar from the centrifugal machines,

containing a small per cent of water, is passed through

nearly horizontal revolving drums containing longi-

tudinal shelves projecting inward which have the effect

of picking up the sugar, and sprinkling it through the

current of warm air which is drawn through in the

opposite direction.

The sugar thus dried, next passes through revolv-

ing screens which separate it into different grades ac-

cording to the size of the crystals, giving rise to

granulated sugar, to be bagged or barreled.

In making cube sugar, some of this moist granulated

sugar from the centrifugal is pressed into cubical

blocks by an ingenious machine, and gently dried in

ovens during a few hours. Cut cube sugar was orig-

inally made bv draining the magma or boiled mass of

sugar in conical moulds for about two weeks, with

occasional washing by means of pure sugar solution,

sawing the dried cones into discs and cutting these

across into cubes. A modified process of this kind is in

use in Europe and to some slight extent in this coun-

try, in which the conical moulds are supplanted by

rectangular frames, which are purged in centrifugal

machines in minutes instead of weeks.

Yellow sugars are made from low testing syrups,

which are boiled in a vacuum pan and contain smaller

softer crystals than higher grades of sugar, with con-

siderable amounts of adherent mother-liquor.

To return to the bone-black, this is washed down by

hot water after the last sugar solution sinks below its

surface and is thus freed from the sugar. Certain

mixing of the water with the sugar solution is in-

evitable, giving rise to a zone of sweet water. As the

water begins immediately to dissolve the impurities

which the char had just absorbed from the impure

sugar solution passed through it, this sweet water con-

tains impurities along with the sugar and has to be

separated from the main filtrate and treated by itself.

The sugar washes out faster than the impurities,

however, and when most of the sugar has been

removed the stream of outgoing water is turned

to the sewer, and continued until the char is

pretty nearly free of what water can remove. The
bone-black is then drained, emptied from the filter

by gravity upon a dryer on the floor beneath,

through which it passes to the kilns. These are fur-

naces provided with internal iron pipes, through which

the char passes. By proper regulation of the flow of

the char through these retorts its temperature is kept

at a point which subjects the impurities still remain-

ing in it to destructive distillation. Moisture, am-

monia, carbon dioxide and other gases are given off.

some of which are highly inflammable, leaving in the

char a small residual amount of carbon. The char

after cooling is then ready for use again and this en-

tire cycle of operations is repeated.

When the carbon accumulates to such an extent as

to choke the pores of the bone-black, the decolorizing

power of the char diminishes, so that finally it must be

discarded. Of late years this trouble has been ob-

viated by the introduction of the Weinrich system of

de-carbonization in which the char is passed through a

roaster very much like the granulator before de-

scribed and heated on the outside by direct fire to a

suitable temperature. The air admitted suffices to

burn off the impurities without attacking the carbon

of the char itself in any marked degree. By this

means char can be kept at a high point of efficiency

for a considerably longer time.

The large amount of heat passing away from the

char filters in the hot wash water is recovered by pass-

ing this water through tubulated heat economizers in

which the incoming city water passes in the opposite

direction, absorbing the heat of the outgoing water.

Water for sugar refining should be as soft as pos-

sible and as free from sulphates, iron, color and sus-

pended matter as can be.

The sweet-waters from the char are evaporated in

multiple effect evaporators and usually mixed with

other low grade solutions.

Fuel is an important matter in sugar refining, large

quantities being used to generate steam for power

purposes, evaporation and heating. This in large part

explains why sugar is not refined where the raw prod-

uct is made, the fuel cost being prohibitive.

The laboratory organization in a sugar refinery is a

matter of great importance. It is the laboratory's

function to keep track of the'quality, not only of the

raw and finished material but also of the material in

process of refining, not only to show the efficiency of

each process, but to enable the most economical and

expedient combination of the various liquors, syrups

and other solutions throughout the process of refining

so as to prevent unnecessary work and to indicate the

most advisable method of handling. All raw sugars

have to be analyzed in considerable detail, a close

watch is kept on fuel, variations in the water supply

must be noted, finished products must be kept up to

the mark and waste products must be carefully checked

up to avoid excessive loss. New processes have to be

devised to meet varying condition and experimental

work must always be pursued to keep up with the

latest improvements and discoveries in the art.

The routine must go on day and night without ces-

sation and all chemicals, apparatus and other appli-

ances must be properly standardized and those stand-

ards maintained. Analytical processes have to be in-

vestigated and tests devised for new needs. Many
materials entering into use in a large factory have also

to be subjected to occasional tests or anlysis and com-
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petein advice has to be given as to the desirabihty of

new methods or processes, susgested from whatever

source.

All this calls for an elaborate, competent and smooth

runiiint;- chemical organization. The routine tests,

principally of purities, are conducted by young men

carefully trained in this work and provided with every.

possible facility for its accurate and speedy accom-

plishment. In the laboratory many tests are made on

char samples and wash water daily, all raw materials

and waste products, all miscellaneous sugar samples,

as those involved in stock taking, and so on. The lab-

oratorv also keeps careful statistical records of all its

various work and compiles elaborate monthly and year-

ly statements covering all these tests. The laboratory

should be provided further with a good general chem-

ical library and ample files of sugar journals as well

as those of more general nature. A good laboratory

should lead the work of the house, rather than follow

it, by showing the way over difficulties that are from

time to time bound to spring up ; by inventing and

elaborating new processes of more economical work;

by keeping in touch with the outside world, and in gen-

eral bv assi-^ting a smooth running of the entire

enterprise.

FACTORS IN THE FORMATION OF PRO-
DUCER GAS.

"Essential Factors in the Formation of Producer

Gas" is the title of Bulletin Nb. 7, recently issued by

the U. S. Bureau of Mines. The authors, J. K. Clem-

ent, L. H. Adams and C. X. Haskins detail an investi-

gation of the chemical and physical processes that take

place in the gas-producer in which they kept in view

not only the possibility of increasing the efficiency of

the producer as a source of energy and the ensuing

benefits to the public of cheaper power and greater

utilization of low grade fuels, but also the application

of the results to the problems of boiler-furnace

operations.

In experiments made by one of the authors at the

Bureau's Experiment Station it has found that the

temperature in the fuel bed of the gas-producer varied

greatly in different parts of the bed. In order to ascer-

tain the conditions of temperature most favorable to

the efficient operation of the producer, it became nec-

essary to determine the temperature required for the

formation of carbon monoxide and hydrogen.

Among other reasons for investigating the condi-

tions for the reduction of carbon dioxide by carbon

was that a small quantity of carbon monoxide is in-

variably contained in the flue gases of boiler furnaces

and it was hoped that means might be suggested of

preventing its formation and the resulting loss in fur-

nace efficiency.

These investigations demonstrated that a very high

temperature is necessarj' for the production of carbon

monoxide from carbon dioxide and carbon. These

conditions, however, which argue against operating the

fuel bed and the gas-producer at extremely high tem-

peratures—above 1,300° C.

A very hot fuel bed means that the gases will leave

the producer at a high temperature, and thus lower

the efficiency of the producer. The gain in capacity

would, therefore, be accompanied by a loss in effi-

ciency, unless the heat of the gases could be used for

generating steam or preheating the air blast. A high

temperature also favors clinkering. In the application

of the results of these experiments to commercial pro-

ducers and furnaces it will be necessary, of course, to

consider the other questions which are involved.

Various explanations have been suggested to ac-

count for the presence of small amounts of carbon

monoxide in the flue gases of boiler furnaces. Per-

haps the one generally accepted by engineers is that

the oxygen of the air first unites with carbon to form

carbon dioxide, and that as this gas passes up through

the bed it combines with carbon in accordance with

the equation:

CO, + C = 2C0.

Assuming this to be the correct explanation, then

the questions to be solved are what conditions favor

this reaction and what conditions will tend to retard it.

It has been shown by the authors that the higher the

velocity of the gas and the thinner the fuel bed the

less will be the percentage of carbon monoxide formed.

A heavy fuel bed in the boiler furnace would there-

fore favor the formation of carbon monoxide. Also,

the greater the supply of air to a given depth of bed

the less would be the percentage of this gas formed

:

therefore with a hot fuel bed the formation of a small

amount of carbon monoxide is inevitable. In order

that this carbon monoxide may be burned to carbon

dioxide in some way sufficient air must be added to the

hot gases as they leave the top of the fuel bed.

The bulletin also contains a chapter by J. K. Clem-

ent and L. H. Adams on "Effective Temperatures for

\\'ater-Gas Generation."

The results presented show that a high rate of gasifi-

cation combined with a high percentage of carbon

monoxide and a low percentage of carbon dioxide and

water requires a high temperature in the fuel bed.

The higher the temperature the better will be the

quality of the gas and the greater the capacity of the

producer.

The use of large amounts of steam is inconsistent

with the realization of high temperature, and is, there-

fore, to be avoided.

Although these investigations were undertaken pri-

marily to determine the conditions governing the for-

mation of producer-gas, the results have an important

bearing on the water-gas process.

They show that although with very low rates of

steam supply the decomposition of the steam may be

complete at 1,100° C, with higher rates of steam sup-

ply, such as are desirable in practice, a much higher

temperature, 1,300° or 1,400° C, is required to obtain

complete decomposition.
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TURBINE DRIVEN AIR COMPRESSOR FOR
BLAST FURNACE BLOWING.*

By RICHARD H. RICE.f

The General Electric Co. recently put in operation

at the Oxford Furnace, X. J., plant of the Empire

Iron & .'^tecl Com]iany, a turbine driven air com-

pressor for Ijli.wiiisj the blast furnace, which is the

a direct connected four-stage Curtis steam turbine.

The design is such that this normal speed produces a

blast pressure of 15 lbs. per sq. in. The unit is, how-

ever, designed to regulate the volume of air delivered

per minute so as to keep the rate of discharge con-

stant at any value, determined by the furnace super-

intendent, within its capacity. The manner in which

this is accomplished will be fully described in the

Fig. 1—Six-Stage Compressor Driven by Direct Connected Four-Stage Curtis Steam Turbine.

-e(iuel—but it ma\- be said here, that the regulation is

bv means of speefl variations, so that the machine is a

constant volume, variable speed apparatus, and not

cnnstant speed as in other classes of blowing units.

The six stages of which the compressor is composed

are arranged in series so that the air enters at the end

of the compressor nearest the steam turbine driver
^^.Paper prepared for the American .S.x-iety of Mechanical Engi-

.^^^^j ^^^^^^^ successively from Stage tO Stage until it

GeMrarEiwtn>"co"^s"wo1-ks atXnn, Masl"''"''"^
^^°'''' °^ '"^ reaches the Other end of the compressor casing, where

first installatidu nf thi^ t_\pe i.'f aiijiaratus to be made

in this country. Some particulars concerning the

features of the installation will no doubt be of

interest.

The unit consists of a six-stage compressor operat-

ing at a niirmal speed of I. ''150 r. p. m., and driven by
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it enters tlie ili.-cliarge pipe. The impeller wheels are fore, the efficiency of compression must remain

so designed that there is no inibalanced end thrust, so constant.

that the ordinary means used in the Curtis turbine for Fortunately, both turbine and conipres.nir attain

locating the rotating elements and preserving proper their best efficiency under similar conditions as regards

cleanuK-es are sufficient for the entire apparatus. rotating speed. Therefore the combination is a logical
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This latter curve shows graphically the variation of

pressure with change of speed ; which follows the law

of squares ; that is. double speed gives four times

pressure, etc. ; from which it will be seen that only-

moderate changes in speed are necessary to give con-

siderable changes in pressure. It is these changes in
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voliiiiic required is obtained. This matiipulatiini is in

practice of the simplest character.

The air governor acts upon tlie pilot valve of the

hydrauhc valve gear commonly used on the larger

sizes of the Curtis turbine, through a system of float-

ing levers ; in such wise that when the turbo-com-

pressor nears the maximum speed for which it is de-

sigiied, in this case 1,950 r. p. m., a centrifugal gov-

ernor of the usual type comes into action and keeps the
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ical pressure is slightly affected by the density of the

air and the humidity. Fig. 6 gives the characteristic

critical pressure volume curve of this compressor.

The rate and e.xtent of the pulsations are affected by

the capacity of the discharge piping, stoves, etc., into

which the air flows. The larger the capacity the

longer the period or wave length and the greater the

wave magnitude and vice versa. The diagram, Fig. 5,

shows the pressure waves from the machine installed

at Oxford Furnace. When tested in the shop with

very short piping of small capacity, the wave length

was only a second or so. and of very small height.

The pulsations only occur at such loads that the

characteristic pressure curve of the apparatus is ris-

ing with increase of volume or remains horizontal

and the effect of the throttling is to superpose a

drooping pressure curve, falling with increasing

volume, which alters the shape of the resultant pres-

sure curve and makes it droop also. As the throttling

required to entirely remove such pulsations is only

a few inches of water, it has no appreciable effect on

the efficiency of compression.

Fig. 7 is the curve of pressure and volumes for this

compressor at constant speed.

At the time this was written the blast pressure at

Oxford Furnace varied from 10 to 14 lbs. during the

day with volume constant at 16,000 cu. ft. per min.

The speed varied from 1,500 to 1.600 r. p. m. The

steam pressure averaged 135 lbs.

The figures given in Table I are taken from a typical

station log, showing the variation of pressure and vol-

ume during a 24-hour period of operation:

T..\BLE 1.—ENGINE ROOM REPORT, EMPIRE STEEL .^Nn IRON CO.,

O.XFORD FLTRN.-\CE, N. J., M.SRCH 17, 1910.
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to the aliscnco "[ acuial lost Insures, none of which

have been inihh>hc(l wliich iKTiiiit of accufate aud

satisfactory comparison. I'rom the resuhs which

have been obtained from all sources as to the actual

performance of such machines and from actual ex-

perience with this machine and the sister machine, in-

stalled at tlie Northern Iron Co., in line with tests

which have been matle in the factory, it seems that the

following conclusions are correct in reference to this

apparatus as compared with reciprocating engines for

blowing blast furnaces:

That the output of the furnace is increased on ac-

count of the greater steadiness of operation and more

uniform conditions obtaining in the furnace.

That the (|uality of the product is im]irovcd.

That the steam consumption is equal to, or less than,

that of the best compound engines blowing similar

furnaces.

That the engine room space occupied is only a frac-

tion of that needed by reciprocating engines, either

steam or gas.

Considering all factors, including consumption of

fuel : cost of operation, including oil and supplies, at-

tendance, etc. : cost of buildings and foundations, inter-

est on the investment : and cost of maintenance of

plant, that of the centrifugal compressor is a blow-

ing apparatus which can be operated for a lower net

cost than any other means of blowing furnaces.

THE ELIMINATION OF SOME SOURCES
OF LOSS IN A LARGE PRODUCER-

GAS ENGINE PLANT.'^

By JOHN G. CALLAN.f

The market for amyl acetate and refined I<"rench oil

is in a state of great unrest. The large manufacturers

in this country are really not quoting on the materials.

The real cause of the high price, which has steadily

advanced during the past month from $1.80 to $2 per

gallon, is not at once apparent. The producers of

amyl acetate and fusel oil in England report a short-

age of raw material, and consequent!}-, with increased

consumption of the relined products, a higher price

can readily be obtained. Whether this is correct or

not we do not know, but we do know that the present

prices are higher than ever before, and that continued

high prices for these two materials will not fail to

have a disastrous eiTect on the lacquer manufacturing

business. Lacquer, as is probably well known, is made

by dissolving various gums and gun cotton in either

fusel oil, amyl acetate or both, and these lacquers play

a very important part in the brass business. The high

price of lacquer, then, will cause considerable trouble

in the manufacture of brass products, especially among

the small manufacturers. Does it not seem as though

the time had come for the industrial chemist to "get

busy" and give us a cheap and abundant substitute for

fusel oil and amyl acetate?

—

The Metal Industry.

According to the computation of the Minister of

Finance for the Union of South .\frica, the gnld-

mining industry of the Rand still has a life of T50

years before it.

A short time since the writer, with some associates,

had occasion to test a producer-gas engine plant which

at the time was the largest in this country. The test

was run to determine whether the plant met guaran-

tees as to average and maximum output and fuel ef-

ficiency, and every efifort was made to place the ma-

chinery in the best of condition and to obtain the best

[jossible performance. It is not the purpose of this

paper to report the entire test, which occupied the

greater part of a month, but rather to point out some

specific items wherein it was possible to improve per-

formance and to briefly analyze the more important of

these.

.Since in spite of the best endeavors it was not pos-

sible to bring the apparatus up to guarantee, we omit

out of courtesy to the manufacturers any specific ref-

erences bv which the plant would be immediately iden-

tified. None of the points of interest lose anything of

value by this course.

The installation consisted of four single tandem,

double acting 33x48 producer gas engines driving 810

kw. three phase 25 cycle 440 volt 28 pole generators

at 107 revolutions per minute. The generators op-

erated in parallel delivered pow-er through a suitable

switchboard to an industrial plant requiring substan-

tially steady load, and to some other minor users.

Power factor was about 80 per cent. Excitation was

by motor generator, with a gas engine originally in-

stalled for this purpose held as a reserve.

Gas was furnished by three down-draft producers

of a well-known type. From their individual wet

scrubbers the gas passed through a common dr}- scrub-

ber to a 30,000-cu. ft. holder and thence to the dis-

tributing main leading to the engines.

The fuel was lignite of about 7,600 B. T. U.. carry-

ing about 34 per cent of moisture and 8 per cent ash.

The gas averaged about 105 B. T. U., using the high

thermal value.

One of the engines had been wrecked shortly be-

fore the test and operation was upon the other three.

The mill load was adjusted to suit engine output and

there was always available as much load as the engines

could carry. Indeed, the power plant was the limit-

ing feature of the mill, and its failure to deliver rated

power caused a direct money loss amounting to ap-

proximately 50 cents per day per kw. that the plant

was in default.

The plant had been installed by its manufacturer,

and shortly after its installation the designer of the

engines had spent the greater part of his time for some

three months in bringing it up to the best possible per-

TRlertrical Engineer Artlnn- V>. Little, Ine . Boston. Mass.
"T^aner presenterl hpfme the Consress of Technology at tlie

.-.nth ,\nnivei-pa\-v of the Granting of the Charter of tile Massa-
chusetts Institute of Teelinology.
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formance. During this period the average output had

been very materially below the rated load, whether

figured on individual engines or on average station

output. The fuel economy had not been very defi-

nitely determined but was also conspicuously defi-

cient.

Subsequent to this the operating engineer of the

station had continued running the plant along the lines

which had been fixed upon by its designer and ob-

tained slightly greater values for men and maximum

output, and also somewhat improved producer per-

formance. The results were still very far from sat-

isfactory, however, and the efficiency test was deter-

mined upon. The plant was thoroughly overhauled in

preparation for this.

\\'e found that the engines had given much trouble

with back firing, and some with premature ignition

—

the back firing having been so considerable that it had

been deemed necessary to put throttles in the air lines

and cut down the air supply to a point below that at

which the rate of propagation of the flame in the mix-

ture was a maximum. As is well known, this expedi-

ent, though wasteful of gas, is usually effective in stop-

ping back firing, and it was so in this case.

We were told that the designer of the engines di-

rected that they should be operated on "round-topped

cards," and indicator cards which we took showed that

these instructions had been observed. This shape of

card is, of course, obtained by an ignition which is not

early enough to bring about substantially complete

combustion during the period of very slight motion

near dead point. The exact timing of ignition to give

this or other shape card naturally depends on many

factors—principal among them being compression

;

composition and homogeneity of mixture; shape of

combustion, space and placing of spark-plugs ; tem-

perature and character of spark. The sparking points

on different cylinders varied somewhat and had been

determined empirically as giving the desired card with

the rich mixture deemed necessary to prevent back

firing.

This practice led, as late ignition is likely to do. to

a magnification of the unavoidable differences between

successive cards, so that a diagram consisting of 20

successive cards on one unchanged governor and mix-

ture setting showed a very large range of card con-

tours.

We, therefore, found the engine running on round-

topped cards, showing much variation of area from

stroke to stroke, and with a mixture somewhat richer

than that required for most rapid combustion, and we

were assured by the attendants that if the mixture

giving the best maximum card were employed the back

firing would recommence and in time become prohib-

itive. Tentative experiments seemed to confirm this

It, therefore, became necessary to determine the

reason for this back firing, and we endeavored to an-

alyze the situation and the possible trouble. Back firing

is most likely to occur from ignition of the incoming

combustible mixture at the inlet valve. In a double

acting engine it may also be caused by leakage of hot

gases from the explosion in one end past the rings and

into the other end where the suction stroke has just

been completed. It may also occur from a lingering

flame in an indicator fitting or from red-hot carbon or

extremely hot metal parts so placed as to pocket gas

between two heated surfaces.

If the back-firing is from escape of flame past the

piston rings it can occur in only one of the ends of

a given cylinder on a four-cycle double setting engine.

For instance, if the cam setting is such that explosion

is occurring in the crank end just as suction is finished

in the corresponding head end, then we may have pre-

ignition from this source in that head end, but since

the cycle is never reversed, we can never have it in

that crank end. Since one of the most obstinate cases

of back-firing of which the writer has known was due

to this cause the matter was carefully investigated.

It immediately appeared that preignition occurred in

crank ends and head ends indiscriminately and hence

this was certainly not the only source even if it were

an occasional one.

Indicator fittings, not already so made, were changed

to a type which closed off practically flush with the

inner surface of the cylinder and it was at first thought

that this eft'ected an improvement, but back-firing de-

veloped again, proving that it was merely chance which

caused its diminution when the new fittings were

put on.

This led to the inevitable conclusion that the trouble

was either in ignition of the incoming gas by the out-

going exhaust, or in heated parts of the cylinder, or

in both.

The design of the engine differed from that of most

American tandem double-acting gas engines in that the

valves occupied a bottle-shaped valve chamber connect-

ed by a relativelv narrow neck with the main clearance

of the cylinder. The exhaust valve was in the bottom,

and the inlet in the top of this chamber, and they were

separated from each other by a distance of only about

ten inches. It "vvill be remembered that this general

type of cylinder was long regarded as standard but

that most large gas engine manufacturers have worked

awav from it to a design with the inlet and exhaust

valves separated by the entire diameter of the cylinder.

The valve setting was such that the inlet opened be-

fore the exhaust closed. The amount of this lap was

different on different cylinders, due to slight wear of

cams and rollers, and it could be controlled to some

extent by adjusting the amount of clearance between

the valve lifters and the stems, but with no normal ad-

justment which did not involve serious shock, was

there a complete closure of the exhaust before the in-

let opened. This suggested the idea that the slight

back pressure presumably existing in the cylinders

might force a little of the hot exhaust through the

slightly opened inlet valve and thus ignite the mixture.

This seemed highly improbable on account of the cool-
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ing action on the gases which would result from inti-

mate contact with the water cooled inlet valve-seat and

the \alve which has just risen from it.

iiv card^ and other means we endeavored to deter-

mine whether the back-liring took place at the end of

the stroke or at some intermediate time and concluded

that it was at the beginning, and for the time we fell

back on the hypothesis that the heated valve chamber

caused ignition of the combustible mixture during the

earlv part of the inlet stroke. Previous experiments

on other engines made this seem improbable, however,

even though the interior of this chamber might be as-

sumed to be very hot, the improbability being due to

the rapid motion of the gas and the fact that incipient

ignition under such circumstances is usually promptly

blown out and does not gain headway.

Finally, we took "toe cards" with a slight spring and

a stop, and further cards with the ordinary spring,

but with the back-lash in the indicator motion. These

showed unforseen conditions during exhaust and led

to the true solution.

It was found that the pressure in the cylinder imme-

diately after the opening of the exhaust valve was

above atmospheric as might be expected, and that it

remained there for a certain fraction of the exhaust

stroke. For the remainder of the exhaust stroke,

however, it was found that the back pressures became

negative. In other words, during a portion varying

with load and cylinder from the last two-thirds to the

last half of the exhaust stroke there was a very slight

vacuum in the cylinder instead of the positive back

pressures which had been expected. This was found

to be due to the wave set up in the long .straight ex-

haust pipe by the first vigorous puff at release. From
this it immediately became clear that on the opening

of the inlet valve explosive mixture began at once to

enter the segregated valve chamber even though the

piston had not yet finished its exhaust stroke, and that

this inflow became more and more vigorous as the

valve opened farther, the incoming mixture mingling

with the outgoing exhaust and in part passing out with

it through exhaust valve.

The explanation of the back-firing became at once

much easier. We did not have to assume that the ex-

haust gases were hot enough to pass through a slightly

open, relatively cool valve and still retain the tempera-

ture required to ignite explosive mixture, nor did we
have to assume walls so hot that a rapidly whirling

and eddying blast of mixture impinging upon them

was thereby ignited. On the contrary we need make
only the very reasonable assumption that the exhaust

gases aided by the walls were hot enough to ignite

mixture which flowed in at a very low velocity,

mingled thoroughly with the hot gases, and passed

w'ith them through a slightly separated valve and seat

which had just been exposed to the hottest period of

its cycle. It was no longer diiificult to understand why
back firing occurred : in fact it might fairly be assumed

that a large number of incipient ignitions took place

which did not propagate back fast enough along the

incoming gas stream to reach the mixing chamber,

and were blown out as the velocity of induction in-

creased. Assuming this to have been possible and

also recognizing the fact that a theoretical mixture

fires more easily, as well as propagates flame faster

than others it was apparent why the rich slower burn-

ing mixture prevented most of the trouble.

It was all along apparent that the use of an unduly

rich mixture besides being w-asteful was objectionable

through increasing the luminosity of the flame and

hence the radiation, and through coating the interior

of the cylinder with carbon deposits which tended to

reduce the efficiency of the water jacket and to keep

up to the skin temperature of the interior of the valve

chamber. Thus the remedy applied, while effective,

rendered it all the more necessary to continue its appli-

cation in order to maintain running conditions. It

was like using an opiate to induce sleep.

While this matter was being analytically investigated

a series of cards had been taken running over various

mi-xtures and ignition points, and also it had been con-

cluded that on account of the extremely heavy recipro-

cating parts the maximum stresses on journals would

not be greater with pointed than with round-topped

cards, since apparently the largest component in maxi-

mum journal pressure was that due to inertia action

rather than that due to the explosion. This last con-

clusion was borne out by the fact that the bearings ran

much hotter on no load than on full load.

On account of the apprehensions of the station at-

tendants these experimental settings were not at first

maintained very long, but since they bore out the con-

clusions set forth above, we finally changed the opera-

tion of all the engines as to both mixture and ignition

point. We first set the mixture with a slight excess

of air over theoretic requirements, thus maintaining as

complete and non-luminous combustion as possible,

minimizing carbon deposit and keeping the valve

chamber cooler and cleaner ; and second, and even

more important, we set the ignition materially earlier,

thus running on a pointed rather than on a round-

topped card, and thereby materially reduced the tem-

perature of the gas at the moment of release when the

explosive mixture mingled wnth it. .\fter a short

period of uncertainty marked improvement in opera-

tion became so ap])arent as to convert even the more

skeptical of the station men. and while back-firing was

not wholly eliminated occuring occasionally in all cylin-

ders and particularly in certain ones, despite the

change of practice, the degree of improvement was

distinctively greater than we had hoped for.

This procedure alone enabled us to increase the en-

gine output in a very notable degree and also, as would

be expected, to materially cut down the amount of gas

used per kw.-hour. This later reduction was so

marked that it w^as not merely observable by the

methods of the test but was noticed by the firemen.

During a period when the engine^ were carrying con-
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siderably higher load than had been their previous

habit, the head fireman approached the writer and in-

quired why we were calhng for so httle gas. This,

of course, was in large part due to the fact that a

slightly 'iean" rather than a slightly "fat" mixture

was now employed.

In this connection some analyses of exhaust gas

showed the interesting fact that if samples were taken

as usual from a point a few feet below the top of the

exhaust pipe the analysis indicated a rather large ex-

cess of air in the mixture at a time when it was prac-

tically certain that such an excess did not exist. This

might easily have misled previous observers, and was,

of course, due to the regurgitation of air into the ex-

haust pipe during the recession of the wave set up in

the pipe by the "puff" occurring at release, as well as

the loss of combustible mixture into the exhaust, as

already noted.

A careful study of the producer conditions made by

my associate showed the cause of certain wide varia-

tions in gas quality which had led to further very con-

siderable losses of fuel, particularly as the mixture

settings had not customarily been changed when gas

quality varied. With suitable changes in firing prac-

tice it became possible not only to get a good quality

of gas but what is more important to secure during

most of the twenty-four hours a fairly uniform qual-

ity. The design of the producers was such that their

operation was not continuous and during the periods

of cleaning this uniformity could not be well main-

tained, but at such periods engine adjustments were

permitted if they appeared desirable.

The station output records obtained while the de-

signer of the engines was at the plant were available

for comparison, while accurate records of previous

lignite economy were not. In comparing output some

difficulties were encountered due to the fact that in the

earlier tests the engines were occasionally shut down,

adjusted and otherwise interfered with in the hope of

getting better operation. We believe, however, that it is

a fair and conservative statement to say that reckoning

either on peak or on average output during the 15 days

of our tests subsequent to getting our system into

operation, the performance of the plant was slightly

better than 20 per cent in excess of that previously

obtained. Since in both case? the same number of

producers were run at maximum capacity it may be

assumed that the fuel economy was bettered in about

the same ratio, although, as stated, there were no thor-

oughly reliable early figures to compare our own care-

ful records with.

It will be seen that the major part of this improve-

ment turned upon the recognition of the fact that this

engine would not of necessity give the same results

upon a given type of card as would an engine of dif-

ferent clearance and valve design, and of the further

fact that the arrangement of exhaust piping employed

produced a period of slight vacuum in the cylinders

during the latter half of the exhaust stroke.

The managers of the plant inform us that they were

able after our departure to maintain and even to

slightly increase the advantageous running conditions

to which our work served to point the way. The con-

ditions of their business were such that there was a

market for all the product that could be produced and

the power station was the limiting feature, hence this

increase in power output paid in a very short time for

a test that had been undertaken with a view to ob-

taining information bearing upon acceptance, and with

no expectation of direct financial return.

MECHANICAL HANDLING OF MATERIALS.*

By RICHARD DEVENS.f

Within the last lew years, some of our railroad, in-

dustrial and steamship companies have begun to realize

the important part mechanical transference plays in

the quick and economical handling of material.

The most efficient advances have been made in the

handling of bulk material, such as ore, coal and grain,

while package freight, comprising boxes, barrels, bags

and other packages, which make up the load of a

freight car, or the cargo of a steamship, has just

begun to receive serious consideration.

It is no doubt a fact that the proficiency in handling

bulk material was due to the difficulties to be over-

come in the transportation and handling of iron ore to

the center of the iron industry.

I have reference to the iron ore that was discovered

in the Lake Superior country.

The first problem was the transportation, and this

was overcome in 1855 when the Federal Government

completed its first system of locks at the falls of the

Sault Saint Marie River at Sault Saint Marie, Mich.

The second problem was the loading and unloading

of the vessel. The loading was readily accomplished

by the building of a long line of pockets on a dock,

extending into the lake and the equipping of each

pocket with chutes. The pockets were of such height

that the ore would flow from them over the chutes

and into the vessel by gravity. The railroad cars,

of the bottom dump type, were brought over the top

of the pockets and dumped into them.

It is interesting to note that the method used in the

first loading dock is the one on which all docks have

been constructed since.

The unloading has been the most difficult to accom-

plish in a quick and economical manner. The first

vessels to carry iron ore were not constructed for the

purpose, and while they carried some ore in the hold,

most of it was carried on deck. When it was carried

in the hold, it was hoisted to the deck by horsepower,

and dumped into barrows, and then, like the deck

cargo, wheeled ashore.

•Paper presented before the Congress of Technology at the
.iOth Anniversary of the Granting of the Charter of the Massa-
chusetts Institute of Technology.
tManaser Eastern OfRce, The Brown Hoisting Machinery Co.,

New York Citv.
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The next step was the substitution of a small hoist- vessel was a question of days, it is now only a question

ing engine for the horsepower. This early method was of hours.

in operation many years, and it was not until the dock The steamer "Morgan," of the Pittsburg Steam-

managers were forced into it, by the great expense in ship Co., with a cargo of 11,319 tons of ore, was re-

carrying large storage on the dock, that any mechan- cently unloaded at Fairport in 5 hours and 58 min-

ical devices were attempted. utes. The work was done with six Brown electric un-

A cableway machine, built and erected at Cleve- loaders.

land, O., in 1880, under Mr. Alex. E. Brown"s de- These improvements have also increased the earn-

sign and supervision, was the first mechanical plant, ing capacity of the vessel by making possible a greater

The next machines were of the bridge type. The number of trips during the season. This is shown by

method of handling the iron ore, over either the cable- the following comparative statement for the years

way or bridge, was to fill iron buckets by hand in the 1906 and 1910, showing the average stay at upper* and

hold of the vessel and then hoist them by the machine lower ports of the vessels of the Pittsburg Steamship

and dump them automatically into railway cars or Company:

storage. In the hold there were from 12 to 15 shov- Year IOmO. Year UtlO.... J ^, ^ ., lir. mill. hr. min.
elers to each machme, and there were two men on the Average stay in lower lake ports :iii 1-) 22 22

machine, one an operator and the other a fireman. Average stay in upper lake ports. 22 20 12 22
„ , , , , • . . • .-\verage time spent in port receiving and
Both of th above equipments were a great improve- discharging cargoes. 58 38 34 44

ment over the earlv methods, and handled the iron ore Gross Tons. Gross Tons.
. , ^

'

. ,1 ,-j . ,. j„.„„ Average cargo carried 5,954 G,034
m a satisfactory manner; 3'et they did not cut down

Largest cargo carried 13,333 13,2Pii

the cost of the hand labor in filling the buckets in the In 70 min. In 45 min.

, , , T-, .
, ^ r ii <. j: ,,„ Fastest loading record 'J,2Ti 9,788

hold. This was a very large part of the cost of un- ^
Tp^^ p^^ hr. Tons per hr.

loading. Rate of fastest loading record 7,288 13,051

An automatic filling bucket had been worked sue- In the foregoing I have outlined the development of

cessfuUy for a number of years in coal and similar soft handling bulk material, using iron ore as an example,

material, but on account of the hard and lumpy nature The handling of package freight has not been brought

of the early iron ores, it could not be operated in to the same degree of perfection.

^hgni_ In many manufacturing concerns mechanical devices

With the use of soft Messaba ores, interest in the have been installed to reduce the cost of handling and

automatic filling or grab bucket was renewed, and to hasten the transportation of their products, but for

about ten years ago the first successful grab bucket quick and economical handling of freight at shipping

machines were erected and operated at the Illinois docks and railway terminals little has been done in

Steel Co.'s plant at Chicago by the Hoover & Mason this country.

Co. This plant was designed to unload from the vessel In Europe greater advances have been made, due

direct into railway cars. The success of this plant was largely to the encouragement given by the city or gov-

the beginning of the present methods of unloading iron ernment, which frequently itself equips the docks,

ore. -^t Hamburg, Antwerp. Bremerhaven. Glasgow,

There have developed two types of grab bucket ma- London, ^Manchester, Havre and many other ports are

chines ; one with the grab bucket suspended from wire found mechanical appliances, each to meet the local

ropes and the other with the grab Inicket carried on requirements, but all aiming to reduce the number

a rigid arm. of handlings and the cost of same.

The cost of filling the buckets by hand was about In England, at the freight stations and warehouses,

13 to 15 cents per gross ton, and the cost of hoisting the practice is to install jib cranes, so arranged that

and dumping into railway cars or storage from ij^ to they can serve all the floor space from car or wagon.

2 cents per gross ton. making the total cost of unload- In this country many of the railroads have put in

ing from i4y2 to 17 cents. With the grab bucket ma- hand cranes of the pillar or bridge type, for handling

chines, this total cost has been reduced to from i to freight from cars to wagons, or vice versa, but they

2 cents per gross ton, depending on the distance the are mostly for heavy lifts, and are slow in operation,

ore is carried from the vessel. and cover only a limited area.

The hand-filled buckets were of about i-ton ca- Some of the railroads have put in electric cranes

pacity, as this size had been found to be the most prac- in their freight yards and water terminals : as. for ex-

tical for filling and handling in the hold. ample, the Pennsylvania R. R. Co. on its Greenville

AMth the grab bucket the size is only limited by the docks, the New York Central & Hudson River R. R.

dimensions of the hatch and the shape of the vessel. Co. at Port Morris, the Philadelphia & Reading R. R.

The first grab buckets for iron ore were of 5-ton Co. at Port Richmond and the Central Railroad of

capacity, but since then machines have been built to New Jersey at Communipaw.

handle yyi, 10 and 15 tons. Many of the railroads are coaling their locomotives

Besides reducing the cost of unloading, the ability at greatly reduced cost and time by mechanical appli-

to handle in larger units has reduced the time : where- ances. but the question of handling their package

as with the hand-filled buckets, to unload a 6.000-ton freight at terminals is still open.
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Most managers have known that there is a great

loss of time in transferring freight at terminal and

intermediate points, but few seem to realize the high

costs that this involves.

Perhaps the most complex movements in the han-

dling of package freights are at the large steamship

piers, due to the great carrying capacity of the large

vessels, the many consignees, each having his allot-

ted space, and the limited floor area that has to be

cleared quickly to make room for the next vessel. The

larger railroad terminals also have their many con-

signees, but the floor area is not so restricted.

The placing of the packages in the proper space is

done by the hand-truck. A sling load from the ves-

sel, or a railway car, may contain packages for sev-

eral consignees. The truckman cannot wait to sort

as he receives them, so must load his truck with them

as they come. This means a long travel to get the

packages to their allotted space. In order to tier

them, several more handlings are necessary. All this

leads to congestion and increasing cost per ton. This

is further afi^ected by the rise in the cost of labor, ma-

terials, rent and larger terminals.

Each terminal is a problem in itself, as is each man-

ufacturing establishment, so that it is necessary to

make a careful study of the conditions to be met be-

fore any mechanical method can be proposed.

In the last 30 years there has been a steady in-

crease in the capital invested in manufactures, which

means an increase of tonnage of all kinds of pack-

•age freight carried by the steamship and railroad com-

panies. To meet this, the railroads have increased

their rolling stock and either enlarged their terminals

or built more. In large cities this has been at great

cost for land and buildings. The method of handling

the freight has remained the same.

At a terminal there are two kinds of freight—out-

bound and inbound. The outbound is transferred

from wagons into the outbound freight house and

thence to the railway cars or directly from the wagons

to the cars. The inbound is vice versa.

All the above movements, except between wagons

and cars, involve the sorting and distributing of each

package to its designated place. It is also necessary to

transfer cars from one freight house to the other, as

the use of the hand truck necessitates bringing the

cars to the freight.

A mechanical equipment to be satisfactory must be

able to distribute the outbound and inbound freight

simultaneously. There should be no rehamdling, and

every square foot of floor space should be served with

a single handling.

All motions of lifting and conveying should be done

by power. The machinery should be designed to give

the greatest list re(|uired and to transfer to any rea-

sonable distance, and then tier or lower into cars.

Continuous operation should be sought for to avoid

delay. No part of the transferrence should be along

the floor and the equijiment should not take up any

floor space that can be used for other purposes. All

movements of the mechanical equipment should allow

of the assorting and distributing according to classi-

fication and allotted space readily and quickly. Tliere

must be reserve capacity to prevent congestion, in case

of extra demands. The justification for the invest-

ment of the mechanical installation lies in the reduc-

tion of cost and the saving of time in handling. The
expense should be in proportion to the size of the ter-

minal.

There are many companies in this country engaged

in the manufacture of hoisting and conveying machin-

ery. While perhaps no one makes all the necessary

appliances, yet a combination of their product could be

used to fill the special requirements of each terminal

point.

Fully to cover the floor space and obtain all the dif-

ferent requirements for the satisfactory handling of

the package freight, three units or different types of

conveying machinery are necessary. These are the

single rail electric trolley, the bridge traveler and the

cross traveler. The electric trolley is the actual load-

carrying part of the equipment, the single rail, bridge

traveler and cross traveler furnishing a combination

of loop track system on which the trolley can reach

any part of the area to be covered. All movements

should be so regulated that there will be no interfer-

ence, and many trolleys can be in operation following

one another. Each trolley can draw a number of

trailer trolleys, so that many packages can be hoisted

and transported under the control of one man. This

arrangement allows many loads to be transported in

close sequence simultaneously, and with maximum
hoisting and traversing speeds, gives the greatest

range and capacity at a minimum of labor and main-

tenance.

At some freight terminals it may be necessary to

have, in combination with the above mechanical con-

veyors, motor trucks on the surface ; in others, belt

conveyors.

- There is no doubt that some such scheme as out-

lined above, when properly carried out to meet the spe-

cial requirements at any terminal, would materially

reduce the time and cost involved in the present meth-

od. This has already been exemplified in the handling

of bulk material.

Considering the special attention now being given

this question by several engineers and the interest

shown by many steamship and railroad managers, it

can be safely stated that within the next few years

great changes and developments will be accomplished.

.\t Scheelite in Nova Scotia, on Moose river, con-

tinuous operations have been carried on since March

4, 1910. in connection with the tungsten-bearing veins

discovered in the fall of 1907. An average of 40 men
has been employed. The veins so far discovered are

interbedded lodes and coincide with the bedding planes,

and iccur in thin layers of slate interstratified with

beds of (|uartzite.
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A COLORIMETRIC METHOD FOR VANA-
DIUM IN IRON AND STEEL.

By CHAS. R. M'CABE.*

A colorimetric method for vanadium in iron and

steel has lately been adopted in the laboratory of The

Lima Locomotive & Machine Co., Lima, O. It re-

quires from three-quarters of an hour to two hours

according to the nature of the material, and has the

advantage of permitting the determination of tungsten,

nickel and chromium in the same portion used for the

vanadium determination.

The color employed is that obtained by adding

hydrogen peroxide to an acid solution of vanadium.

Before proceeding to a description of the method, it is

necessary to direct attention to certain properties of

vanadium on which it is based.

The color of vanadium with hydrogen peroxide is

subject to many disturbing influences. It is masked

and otherwise influenced by iron ; strong acids deepen

it, and when present in large amounts impart a tinge of

orange ; an excess of hydrogen peroxide partially

bleaches it, and finally any vanadium not in the most

highly oxidized form does not yield any color at all.

In view of these facts it need hardly be said that the

conditions under which the color is produced must

be rigorously controlled.

\"anadium, like other metals, may be separated from

the bulk of iron by means of ether, but unlike nickel or

copper cannot be further purified liy the ammonia pre-

cipitation of i'.on. Ammonia does not precipitate vana-

dium existing alone in solution, but when any consid-

erable quantity of iron is present, the precipitate pro-

duced by ammonia retains vanadium with great tenac-

ity. This reaction may be a precipitation of vanadium

as a vanadate of iron, although it apparently partakes

of the nature of occlusion. These properties of va-

nadium make it possible to obtain all the vanadium

from a vanadium steel with a limited quantity of iron

and free of nickel and chromium when these metals

are present. This is accomplished by making the

ether separation of the bulk of the iron in the usual

way, and following with an ammonia precipitation,

having oxidized chromium when present after the

ether separation is made.

It is evident that if we dissolve the ferric hydrate

carrving vanadium in hydrochloric acid and decolor-

•Engineer of Tests. The Lima Locomotive & Machine Co.,
Lima, O.

ize the ferric salt in some manner, that we have ob-

tained the vanadium in form for a quantitative devel-

opment of the color in hydrogen peroxide; that is,

in such form that it may be compared with a standard.

It is further evident that this standard must contain

nearly the same amounts of iron, acid, and hydrogen

pero-xide as the sample being analyzed.

The essential features of the method are as follows

:

Two grams of vanadium steel are dissolved in hydro-

chloric acid, the iron o.xidized with nitric acid, and an

ether separation made. The amount of iron in the

acid solution is purposely increased in order to have

sufficient to occlude all vanadium when precipitated.

In the absence of chromium, this acid solution contain-

ing vanadium is diluted and precipitated with ammonia.

If nickel is present, a second ammonia precipitation is

made. The ferric hydroxide carrj-ing vanadium is dis-

solved in a limited amount of hydrochloric acid, the

solution decolorized by addition of hydrofluoric acid,

and the vanadium color produced by addition of hydro-

gen peroxide. The quantities of acids and hydrogen

peroxide must very carefully be measured. The color

thus produced is compared with a standard.

When chomium is present, it is oxidized by potas-

sium chlorate before precipitation with ammonia, and

so p-i.sses into solution along with nickel.

The standard is an artificial one. It is prepared by

mixing ferric chloride and hydrochloric acid in such

a way as to imitate the solution of the ferric hydrox-

ide in hydrochloric acid following the ammonia pre-

cipitation, decolorizing with hydrofluoric acid, and

adding a quantity of a standard solution of vanadium

pento.xide. The color is then produced by hydrogen

peroxide, and the standard diluted as required. Both

standard and test must contain the same quantity of

acids and hydrogen peroxide, which may be accurately

and quickly measured by small pipettes.

The solution required for this method follows

:

(i) A dilute solution of hydrogen peroxide. The

amount required in a determination is i cc. of the 2.6

per cent solution furnished by the dealers. It is, there-

fore, convenient and also more accurate to employ a

solution of such strength that an amount which may be

measured by a small pipette will contain this desired

quantity. For example, dilute lOO cc. of the 2.6 per

cent solution to 500 cc. and use 5 cc. in a determination.

(2) Hydrofluoric acid. The amount used in a de-

termination is ^ cc. of the usual cp. product. It may

be diluted for the purpose, or a small graduate may

be used, first filling to a convenient point with water.
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then measuring the acid by adding drop by drop from

the paraffin bottle.

(3) A hydrochloric acid solution of ferric chloride

containing one-tenth of a gram of iron and an amount

of acid equivalent to iJ/1 cc. of the strong 1.2 sp. gr.

product in each 5 cc. Dissolve 50 grams of the salt

(crystallized with 6 molecules of water) in 300 cc. of

dilute hydrochloric acid (1:1) and dilute to 500 cc.

Or the solution may be prepared by dissolving a plain

steel in nitric acid, precipitating with ammonia, filter-

ing, washing, and dissolving in hydrochloric acid

and diluting as required.

(4) lA neutral standard solution of vanadic acid.

\'anadic acid, or vanadium pentoxide, cannot at pres-

ent be obtained on the market. Its preparation, how-

ever, is not difficult. Select a good grade of vanadate

of iron containing about 60 per cent of V.O5. 38 per

cent of Fe.O:,, and 2 per cent of SiO... This may be

obtained of The Primos Chemical Co., Primes. Dela-

ware County, Peimsylvania. Dissolve 5 grams in

100 cc. of strong hydrochloric acid in a beaker by aid

of heat. Add 20 cc. of water and i cc. of hydrofluoric

acid. Filter into a separatory funnel. Add 50 cc.

ether, and shake under a hydrant in the usual manner.

Draw off the lower layer, and discard the ethereal

solution. Return the acid solution to the funnel, de-

canting from the silicious matter which settles in the

bottom of the solution. Make a second ether separa-

tion of the iron and return the acid solution to the

funnel, again decanting from silicious matter. Finally

make a third separation of iron, and filter the acid

solution. The vanadium solution, now free of iron

and nearly free of silica, is purified of ether by heating

on a steam or electrical heating appliance, or by blow-

ing air through it. The quantity of contained ether is

so large that it cannot be safely broirght near a flame.

Dilute in a 600-cc. beaker to 250 cc. and heat to boil-

ing. Add cautiously a small amount at a time, about

10 grams of potassium chlorate. Follow with a suffi-

cient quantity (from 25 to 35 grams) of potassium car-

bonate to nearly neutralize the solution, but be careful

not to over neutralize the solution. A copious pre-

cipitate of hydrated vanadic acid is thrown down when

the right degree of acidity is reached. Dilute and boil.

Filter through a 15 cm. filter paper, wash thoroughly

with hot water, and apply suction to collect the pre-

cipitate in a cake. Separate from the fiher paper,

place on a watch glass, and dry in an oven at about

100° C. As the moisture is being e.xpelled, break the

mass into small particles from time to time with a

glass rod. Finally when entirely dry pulverize and

preserve in a vial for use.

If the vanadium pentoxide is dried at too high a tem-

perature, or if it is not broken up in the partly drieil

state, it becomes very hard and difficult to pulverize.

Weigh accurately about two-tenths of a gram of the

vanadium pentoxide into a small beaker. Add 36 cc.

water and 4 cc. strong hydrochloric acid. Heat gent'y.

and when all is in solution add 4 cc. ammonia, sp. gr.

.96. Dilute so that i cc. contains .0002 vanadium, or

an amount corresponding to .01 per cent in a 2-gram

sample of steel.

This standard solution of vanadium pentoxide as-

sumes a yellow color upon addition of the ammonia.

In time it becomes colorless, but this change has no

influence on the strength of the solution, or results ob-

tained by its use.

In preparing the standard vanadium solution, an im-

portant essential is to employ the minimum amount of

hvdrochloric acid in dissolving the vanadium pentox-

ide. There are several reasons for so doing. Much
hydrochloric acid reduces vanadium pentoxide to di-

oxide upon application of heat, and this must be

avoided by using hydrochloric acid as dilute as prac-

ticable and heating gently. Again, much acid in the

standard must be avoided on account of its influence

on the color. The ferric chloride solution contains

the correct amount, and it is necessary to be able to use

any required amount of the vanadium solution with-

out appreciably affecting the acid content of the stand-

ard. X'^or is it practicable to use a liberal quantity of

acid in dissolving the pentoxide and neutralize the ex-

cess, since chlorine in any form beyond a certain

amount retards the decolorizing action of hydrofluoric

acid on ferric chloride.

The correctness of the vanadium standard is of

course absolutelv necessary to satisfactory results in

this method. It must he remembered that the vanadic

acid as precipitated contains a very large quantity 01

water, and time must not be called too soon on the

drying process. The directions as given yield a strictly

chemically pure vanadium pentoxide, but. neverthe-

less, it is advisable to test its purity by ignition or

otherwise.

This method as practiced by the writer is applicable

to nearly all steels and irons. Absence of chromium

greatly simplifies the process. It is suggested that one

first attempting to use this method select a standard

vanadium steel free of chromium. The Fuireau of

Standards furnishes a plain vanadium steel containing

.15 per cent vanadium which may be used to gain ex-

perience with the method. The details of the method

follow

:

.\BSENCE OF CHROMIUM.

\\'eigh 2 grams of the vanadium steel into a dish

or beaker, and add 40 cc. strong hydrochloric acid,

and heat until the steel is dissolved. Add 5 cc. nitric

acid (sp. gr. 1.2) and evaporate to about 10 cc. Four

into a separatory funnel, and wash the dish or beaker

with hydrochloric acid (i. i) using a small quantity

at a time until the volume of the solution amounts to

20 cc. as shown by a mark on the funnel. Add 30 cc.

of ether free of alcohol, stopper tightly, and shake

under a hydrant. Allow to stand in the rack until the

two layers separate completely. Draw oflf the lower

layer into a 25 cc. graduate, and take i^ cc. of the

c;'c-c'l -gIi;'.!.-:?. This method of making the ether
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S(.'l)araliuii xicM.- api)i'o.\iiHati.-l_\' one-tentli of a gram
of iron in the acid solution, an amount which occludes

vanadium satisfactorily and 3-et permits of the separa-

tion of nickel when present.

Transfer the acid solution to a 400 cc. beaker, dilute

to about J25 cc. and bring to a boil. Or, to save time,

have some boiling" hot water at hand and dilute with it.

Add ammonia to the boiling solution cautiouslv, with

brisk stirring: when iron is precipitated, add 10 cc.

ammonia in excess. Continue to boil for one-half

minute. The irt)n thu> preci])itated carries with it all

the vanadiiun. while manganese is almost entirely left

in solution. ]f the iron is precipitated in the cold

solution and the solution then boiled, a certain amount

of manganese is occludetl. Upon attempting to dis-

solve the precipitate in the necessarily limited amount

of acid, the manganic hydroxide remains undissolved

and retains some vanadium.

Filter the ferric hydroxide with its occluded va-

nadium on an 1 1 cm. filter paper. Wash with hot

water, and if nickel is present, dissolve in hot dilute

hydrochloric acid back into the beaker in wdiich pre-

cipitation was made, and make a second precipitation

in the same manner, filtering and washing as before.

In the absence of nickel, a single precipitation of iron

by ammonia is sufficient. This is the case in the Bu-

reau of Standards, sample No. 24.

Open the filter paper containing" the ferric hydroxide

and vanadium in a dish. Add 3 cc. hydrochloric acid

(1:1) and about 7 cc. water. Rock the dish, heating

moderately, until the precipitate has dissolved. Do not

attempt to hasten solution by stirring or macerating the

paper with a rod, as objectionably large quantities of

fiber become suspended in the solution. The solution

is clear if the occlusion of manganese is avoided by

making the precipitation in the manner described.

Pour the solution into the tube in which comparison

is to be made. Camp's manganese comparison tubes

are recommended for the purpose. It is convenient to

use two of the large, glass-stoppered tubes, since the

standard can thereby be prepared without the neces-

sity of pouring from one to another.

Wash the dish and paper with cold water and pour

washings into the tube containing the solution. Dilute

to about 40 cc. and add ^ cc. of hydrofluoric acid in

dilute form or by use of a small graduate as de-

scribed. A complete decolorization of the iron salt

occurs. If the solution is warm, this efifect is not

complete until it is cooled. Presence of chlorine be-

yond the stipulated amount retards the decolorization

of iron, while an unusually large amount of iron may
require n"iore hydrofluoric acid. But if directions are

carefully observed, no trouble need he experienced at

this stage.

To the colorless solution add 5 cc. of the flilute hy-

drogen peroxide solution containing I cc. of the 2.ft

per cent reagent. Upon mixing the lirown vanadiin"n

color appears.

The standard is ])repared as follows : liUo the other

tube place 5 cc. of the ferric chloride solution contain-

ing one-tenth gram of iron and 3 cc. dilute (1:1) hy-

drochloric acid. This solution is similar to that ob-

tained when the ferric hydroxide is dissolved in the

dish. .Add a quantity of the neutral standard vana-

dium solution, accurately measured from a burette.

The amount to be used depends upon the vanadium
content of the test; 15 cc. is the best quantity to take

at first. Dilute to 40 cc. and bleach the solution with

hydrofluoric acid, as in the test, and add hydrogen
peroxide, using exactly the same quantities of acid

and hydrogen peroxide as were used in the sample be-

ing analyzed. Dilute to 5 times as many cc. as there

were cc. of the standard vanadium solution taken, and
mix. Compare colors in the usual way. One-fifth of

the number of cc. to which the test is diluted is hun-

dredths per cent vanadium. For example, if 15 cc. of

the neutral vanadium s(jhiti()n are used in the stand-

ard, dilute same to 75 cc. If the volume of the test is

82 cc. when the colors match, the percentage of vana-

dium in the sample is .164.

As in color methods generally, the standard must
contain approximately the sarne amount of the sub-

stance being determined as the test sample. The range

of negligible departure is about .03 per cent. Hence,
the number of cc. of standard vanadium solution is

conveniently taken in nniltiples of Ave. In the ex-

ample cited, if the test is diluted to 95 cc. before the

colors match, another standard is prepared contain-

ing 20 cc. of the vanadium solution and diluted to 100
cc. Upon again comparing colors, the test is found to

be slightly dark, requiring further dilution. It is best

to use a minimum amount of vanadium solution at

first, since any necessary change in standard is efl^ect-

ed by merely adding more of the vanadiuu"! solution.

In the example given, it is sufficient to add 5 cc. of the

vanadium .solution to the standard and dilute to 100
cc.

PRESEXCE OF CHROMIUM.

When chromium is present in a vanadium steel, it

is all found in the ammonia precipitate following the

ether separation. Hence, some modification of the

method is necessary, since upon solution of the pre-

cipitate in hydrochloric acid the chromic chloride im-

parts a green color to the solution. The plan fol-

lowed is to oxidize chromic oxide to chromic acid

following the ether separation, thus avoiding the pre-

cipitation of chromiuni by an-imonia. The details are

as follows

:

The bulk of the iron is removed by the ether sep-

aration, which is made in the same manner as when
chromium is absent, except that the volume of the

acid solution is received into the 400 cc. beaker, and

I '-2 cc. of the ethereal solution received into a small

graduate and added to the acid solution in the beaker.

This is merely to avoid increasing the bulk of the

acid solution by the washing which is necessary when
it is received into a graduate.
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Evaporate the acid solution, which need not exceed

20 cc, almost to dryness in the beaker. This is ac-

complished rapidly, and with a good quality of glass-

ware, without danger of breakage, by constant agita-

tion of the uncovered beaker on a hot plate or over

a bare flame. The solution is carried down to i cc.

and 50 cc. of strong nitric acid added. The beaker

is covered and the solution boiled until fumes are all

expelled and the solution is a clear green. To the

boiling nitric acid solution enough potassium chlorate

(about 2 or 3 grams) is added to precipitate mangan-

ese and oxidize chromium. Continue boiling a mo-

ment or two, then dilute to about 225 cc. with boiling

hot water. Add cautiously to avoid loss by violent

ebullition. Then add cautiously, to the boiling solu-

tion, with vigorous stirring, enough ammonia to pre-

cipitate iron, and 10 cc. in excess. Boil for >4 min-

ute. The chromium being oxidized to chrome acid is

not precipitated, while the iron occludes vanadium

as before.

Filter the precipitated manganese, iron and occluded

vanadium on an 1 1 cm. filter paper, and wash with hot

water. In addition to manganese, this precipitate con-

tains a notable quantity of nickel, when this metal is

present, and also a certain amount of occluded chromic

acid, which cannot be removed by washing. A sec-

ond ammonia precipitation is therefore necessary.

Dis.solve the precipitate in hot dilute hydrochloric acid

back into the beaker in which precipitation was made,

dilute to about 225 cc. and make a second precipitation

by ammonia, stirring the boiling solution vigorously

and adding 10 cc. of ammonia in excess as before.

Filter on an 11 cm. filter paper and wash with hot

water.

The iron precipitate being now freed of nickel, man-

ganese, and all but a trace of chromium, is treated

as described when chromium is absent. It is to bp

observed at this point that upon addition of hydro-

fluoric acid the decolorization of the ferric chloride

generally reveals a small quantity of chromic acid in

solution. If the ammonia precipitations have been

properly carried out, this retained chromium is not a

source of error, the hydrogen peroxide converting the

yellow color into blue, which rapidly fades. This

change, however, is not apparent, being masked by the

brown vanadium color. If through improper man-

agement of the ammonia precipitation the amount of

chromium in the solution is increased, its color is not

thus easily destroyed.

PRESENCE OF TUNGSTEN.

When tungsten is present in a vanadium steel the

filtrate from the' tungsten determination is used for

the vanadium determination. An important fact to be

remembered in this case is that the evaporation to

dryness in the tungsten determination has reduced a

portion of the vanadium. It is therefore necessary

to reoxidize it during the evaporation of the filtrate

preceding the ether separation of iron. To the filtrate

add 5 cc. of nitric acid (1.2 sp. gr.) and proceed ac-

cording to the presence or absence of chromium.

Avoid the use of sulphuric acid in the tungsten de-

termination.

PRESENCE OF TITANIUM.

Although hydrogen peroxide gives a yellow color

with titanium, nevertheless presence of titanium does

not interfere with the vanadium determination. This

is due to the fact that hydrofluoric acid in the amount

prescribed destroys the color due to titanium. This is

true for any amount of titanium apt to occur in iron

or steel. The color of vanadium with hydrogen per-

oxide, however, is slightly modified in presence of

titanium. Comparison by artificial light is advisable

when titanium is present. The dissimilar character

of the colors then vanishes, and the eye perceives

only their relative depths. The error, if any, due to

titanium is slight.

PRESENCE OF MOLYBDENUM.

IMolvbdenum, like titanium, gives a yellow color in

acid solution with hydrogen peroxide. However, the

properties of molybdenum are such that when present

in a vanadium steel it does not appear in the solu-

tion in which the vanadium color is produced, the bulk

being removed in the ethereal separation with iron,

and the balance in the ammoniacal filtrates with nickel

and chromium.

PIG IRON.

The application of this method to pig irons is ob-

vious. It is only necessary to remove the insoluble in

any convenient manner, avoiding the use of sulphuric

acid. As in tungsten steels, the reducing action on

vanadium of a complete evaporation of the acid solu-

tion must not be forgotten, and an oxidizer, prefer-

ably nitric acid, added to the hydrochloric acid solu-

tion previous to the ether separation of iron.

There are certain limitations to this method which

must be understood in order to apply it successfully.

A cardinal rule is to treat standard and test exactly

alike in making the comparison. The. vanadium color

with hydrogen peroxide is sensitive, and neglect of

this precaution will lead to erroneous results. Another

feature is the limited capacity of ferric hydrate to

occlude vanadium. This property of ferric hydrate is

such that with a two-gram sample of vanadium steel,

the amount of iron, one-tenth gram, used in the acid

solution preceding the ammonia precipitation occludes

all the vanadium without appreciable loss when the

percentage is under .20. Above .20 per cent and

under .30 per cent the loss may be neglected in ordi-

nary routine analysis. But above .30 per cent the loss

rapidly increases, so that it is necessary to take a

smaller sample for analysis. A safe working

rule is to take such a sample that the contained vanadi-

um is not in excess of six milligrams. When less than

two grams of sample is taken for analysis the amount

of iron necessary in the acid solution following the

ether separation, namely, one-tenth gram, may be ob-
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taincil by taking- more of the ethereal solution. Or
some of the ferric chloride solution may be added.

An important precaution is to avoid any step in the

analysis which tends to reduce vanadium. A small

amount of reduced vanadium is reoxidized by hydro-

gen peroxide itself after a lapse of about ten minutes

with a simultaneous development of color, but large

amounts are only imperfectly reoxidized by the limited

amount of hydrogen peroxide.

The question of the reliability of this method is one

which cannot be judged by a comparison of its re-

sults with those of older methods. Rather, we must

pass judgment by a careful analysis of the method

itself, the principles on which it depends, and its

sources of error. It may be said, how'ever, that the

Bureau of Standards Sample N"©. 24, containing .15

per cent vanadium, shows an exact check. It also

shows the correct result when nickel, chromium, titan-

ium, and molybdenum are added to the hydrochloric

acid solution preceding the ether separation. In view

of the care exercised in the analysis of this sample,

such a result appears not without value. With certain

analyzed samples submitted by interested parties for

confirmation the method showed somewhat high re-

sults, amounting to .05 per cent in one instance.

Others showed a very satisfactory check. To interpret

such evidence, we are obliged to examine our method

and judge independently of its merits. It is not unfair

to consider that every factor wdiich influences the

color of the vanadium with hydrogen peroxide is

under control ; that the property of ferric hydrate of

occluding vanadium quantitatively is easily de-

monstrable ; and that if there is any source of serious

error it remains to be discovered. Note must be

taken of the anomalous circumstance that the method

often shows high results compared with older meth-

ods. Slightly low results might reasonably be ex-

pected, since the power of ferric hydrate to occlude

vanadium, while satisfactory for our purpose, is not

absclutcl}- perfect. This consideration directs sus-

picion to the older method when the two show discord-

ant resitlts. But the evidence which appeals most

strongly to reason is that obtained by the analysis

of artificial mixtures of vanadium solutions with so-

lutions of plain and special alloy steels. Such mix-

tures have always shown the true vanadium content,

within very reasonable limits. The recovery of all

the vanadium present in the hydrochloric acid solu-

tion thus being an established fact, the correctness

of the vanadium standard may be confirmed and the

chain of evidence is complete.

It is perhaps too much to claim that this method
is universally applicable to all irons and steels. Ref-

erence has been made to the influence of elements oc-

curing- in vanadium steels on the color. It must be

understood that these observations refer only to the

quantities of these elements commonly found in va-

nadium steels. When present in abnormally large

quantities, the question of the availability of the

method must rest on the judgment of the operator.

But it ma\- be affirmed without reserve, that material

to which this method is inapplicable is of rare oc-

currence.

The writer acknowledges his oljligation to the fol-

lowing parties for materials and samples furnished
during the experimental work : Geo. L. Norris, of the

American Vanadium Co., Pittsburg, Pa.; J. Lloyd
Uhler, of the Union Steel Casting Co., Pittsburg, Pa.

;

C. M. Johnson, of the Crucible Steel Co., Pittsburg-,

Pa. and the Primos Chemical Co., Primos, Pa. Credit
is also due Booth, Garret & Blair for correcting a
misstatement relative to the non-interference of
moh-bdcnum.

A METHOD FOR THE RAPID DETERMINA-
TION OF LIME IN LIMESTONES,

MARLS, SLAGS, ETC., SOLU-
BLE IN DILUTE NITRIC

ACID.

By H. B. KINNEAR.

Method
; Weigh 3/4 gram of the puverized sample

and transfer to a 150-cc. beaker; moisten with water,
add 30 cc. HNO3 (1.2 .sp. gr.) and heat to boiling oii

a hot plate. While heating, measure 60 cc. of a stand-
ard oxalic acid solution (i cc. =^ .0025 gn.s. CaO)
from a self-filling pipette into a 400-cc. beaker and di-

lute to 200 cc. w-ith boiling water. Now add the nitric

acid solution of sample, washing the beaker thorough-
ly with hot water and carefully make strongly alkaline

with anunonia
; heat just to boiling- and by using a bell-

jar and strong suction, filter at once through a cylin-

drical separatory funnel fitteil with a platinum disc

and thin pad of asbestos pulp; wash precipitate three
or four times with plenty of hot water catching filtrate

and washings in a 500-cc. beaker.

Acidulate w^ith hot sulphuric acid (1:3) and titrate

w^ith a standard KMnO^ solution, each cc. of which is

equal to i cc. of the oxalic acid solution added above.
The percentage of CaO in the sample is of course
equal to the diflt'erence between the amount of oxalic

acid measured out and the reading of the KMnO^
burette.

The above method has been used by the writer on
samples of limestone containing from 3 per cent to 17
per cent magnesium carbonate, on marls containing as

high as 7 per cent organic matter and on blast fur-

nace slags ranging from 29 per cent to 35 per cent in

silica with admirable success, checking gravimetric

standards nicely.

The time consumed should not exceed 8 minutes in-

cluding weighing, and determinations have been made
in 6 minutes where the ferric oxide and alumina in the

sample w-ere very low. thereby favoring rapid filtra-

tion.

In all determinations strong suction has been used
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and never has a precipitate "run through." The meth-

od used here, in precipitating calcium oxalate seems

to leave it free from magnesium oxalate thereby mak-

ing reprecipitation unnecessary in case of dolomites.

Furthermore it produces a coarse granular precipitate

easily retained.

The solution required follows:

Potassium permanganate, 2.881 gms. per liter.

Standardize against a standard iron ore or pure iron

wire. I cc. = .005 gms. Fe.

Oxalic acid, 5.75 gms. per liter. Standardize against

the above KMnO^ solution making the two solutions

equivalent cc. for cc.

REPORT ON METHOD OF DETERMINA-
TION OF GLYCEROL.*

By EUGENE PROBECK.

For some time chemists have failed to agree upon

a standard method for the determination of glycerol.

As the two methods most in use, the acetin and the

bichromate, are fully described in many textbooks, it

is unnecessary to repeat them.

In the bichromate method, I did not remove the

chlorine and albuminous matter as recommended by

many chemists but found it mure advantageous to

make a correction for these impurities by means of

a blank test. This blank test depends upon the vola-

tility of glycerol below 160° C. leaving behind the

salts, polvglvcerols, albuminous matter and other or-

ganic impurities which do not volatilize.

Prcliiiiiiiary Test.— I weighed out about 2 grams of

the sample, diluted it to 200 cc. and tested 20 cc. of

it for acidity, using phenolphthalein as an indicator.

I found it took 2 drops of X ,'2 sodium hydroxide to

neutralize the 20 cc. I added 2 drops to each 20 cc.

I used for analysis and also added 2 drops to each 0.2

gram of glycerine used for the blank test. The pur-

pose of using an alkaline solution is to prevent any

volatile acid from escaping by converting it into its

sodium salt. If the glycerine is not neutralized in the

blank test, the effect of the volatile acids on the bi-

chromate solution cannot be determined.

The so-called blank test is made by evaporating

about 0.2 gram of neutralized glycerine on a watch

glass at 160° C. in a manner similar to the carbon-

aceous test given by Lewkowitsch in his "Technology

on Fats, Oils and Waxes." The residue is oxidized

with the bichromate solution at the same time that the

glycerine is. To prevent overheating and be cer-

tain of complete oxidation, hotli the residue and

glycerine are heated on the same water bath from i ^A

to 2 hours. The number of cc. of bichromate solu-

tion used to oxidize the residue is deducted from the

number of cc. used for the sample and from the dif-

ference, the per cent of glycerol is calculated. The

blank test makes a correction for all impurities likely

•Prom The Journal of Industrial and Engineering Chemistry.

to be present except volatile monohydric and dihydric

alcohols and volatile aldehydes, chiefly acrolein.

I tested the glycerine with an ammoniacal silver

nitrate solution but no silver mirror appeared, proving

absence of aldehyde. If aldehydes are present, they

must be removed, or the acetin method must be used.

Experiments were made to find out the conditions

under which acrolein is formed. I heated some crude

glycerine to 160° C. as quickly as possible and then to

200" C. and no odor of acrolein was noticeable.

Carboneaceous tests have also been made to find out

first, the effect of temperature on the glycerine and

second, the effect of sodium chloride on glycerine

when heated. For convenience and clearness, it is well

to divide the work into five parts

:

I. Two carbonaceous tests were made of the crude

glycerine with these results : first trial 5.45 per cent,

second trial 5.50 per cent.

II. A 100 cc. Florence flask was nearly filled with

crude glycerine and heated as quickly as possible in

an oven to 160° C. The glycerine was kept at this

temperature for one hour and then two carbonaceous

tests were made with these results : first trial 5.50 per

cent, second trial 5.55 per cent.

III. The Florence flask was refilled with fresh

glycerine, heated as quickly as possible to 200° C.

and was kept at this temperature two hours. The

carbonaceous tests made with this glycerine gave

nearly the same results as in the first two cases, indi-

cating that the glycerine can be heated to 200° C.

without polymerization or decomposition. The re-

sults were: first trial 5.54 per cent, second trial 5.60

per cent.

I\'. A fresh portion of glycerine was treated in the

same manner as above except that the temperature was

raised as quickly as possible to 250° C. and kept at

250° C. for two hours. The carbonaceous tests gave

much higher results, as shown. First trial 12.60 per

cent, second trial 12.50 per cent. These results indicate

that glycerine cannot be heated to 250° C. without de-

composition, polymerization, or both.

\'. Another Florence flask was nearly filled with

crude glycerine and considerable sodium chloride was

added. The glycerine was treated in the same way as

in IV. The carbonaceous tests gave these results

:

first trial 8.80 per cent, second trial 9.01 per cent.

The presence of salt in this case seems to retard the

formation of polyglycerols. Sodium chloride was

used because it occurs in soap lye glycerine and it has

been claimed that salts in glycerine interfere with the

bichromate method.

The object of making so many carbonaceous tests

is to show that the blank test can be used to advantage

in determining glycerol in both candle glycerine and

soap-lye glycerine. In case volatile nonohydric and

dihydric alcohols are present, both the acetin and

bichromate methods are unreliable, as these alcohols

are capable of being converted into acetyl compounds
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in the first nietliod ami capable i)f being oxidized in two years, for though I do not know that certain parts

the second. of the method have ever been published, they have, in

To show how accurate each method is, I made a way, been forecast by the German chemists, Gross-

duplicate analyses of a crude glycerine with the fol- mann, Brunck, et al., in articles in the German chem-

lowing results :
ical magazines. The method is as follows

:

Acetin Bichromate Weigh out one-half gram of the drillings, or more,

Percent Percent. according to the percentage of the constituents, take

First trial 86.08 86.93 out the tin with nitric acid, the lead as sulphate, copper

Second trial 8GM 8731^ ^^^ electrolysis and iron with ammonia as usual. Add

Average 8GM 87.10 five grams of ammonium chloride. Make the solution

Blank test correction ^0£0 j^^^^ neutral with hydrochloric acid, and add four-

Corrected result 86.80 tenths of a gram of dimethylgloyoxime dissolved in a

little alcohol for every tenth of a gram of nickel sup-

From my experience with the acetin method, I con- posed to be present. Add ammonia, drop by drop,

elude that no matter how carefully the method is
^^J^^^\ jj^g solution smells slightly ammoniacal. Let stand

carried out, the results are from 0.2 per cent to 0.5 ji^jt below the boiling point for one-half hour (more
per cent below the true value. The difficulty with the q^ less according as the nickel separates completely).

metho<l is not on account of the impurities but on pjifg^ ^^^^ through counterpoised filters or on a

account of the manipulations introducing several ^veighed Gooch, wash with hot water and dry m the

sources of errors.
aj,- j^ath at 105° C. to constant weight. Weigh and

The bichromate method is preferable in the absence calculate the nickel.

of acrolein and other volatile aldehvdes. If aldehvdes ^.. . ^^ ,, .^ , . ^t-
., . -u \uc \t .NiLjIn^iOii X 0.2031 = Ni.

are present, they must be removed before using the

bichromate solution. A blank test simplifies the Until a little experience has been acquired, the fil-

method and makes the result more accurate than by trate should be tested to make sure that no nickel has

purifying the glycerine. escaped precipitation. Add 0.05 gram more of the

dimethylgloxime in a little alcohol, see that the solu-

METHOD FOR NICKEL-ZINC SEPARATION ^i"^" '^ J"^' ammoniacal and let stand for a few min-

IN GERMAN SILVER AND OTHER "^es. There .hould be no reddenmg of the solution

ATT OY<^ ='=
which would mean more nickel. Make the filtrate just

acid w'ith concentrated hydrochloric acid and add an

Bv LA VERNE W SPRING t
excess of ten cubic centimeters. Boil for ten minutes

to break up the dimethylglyoxime in the solution, add

The nickel-zinc separation has ahvavs been a serious ten grams of microcosmic salt dissolved in a little

matter for the chemist who had to do it onlv occa- "'ater, neutralize with ammonia and hydrochloric or

sionally an.l nearly as forbidding for him w'ho was acetic acid until the solution neither turns blue litmus

so unfortunate as to encounter it rcgularh-. It was Paper red nor red paper blue, and let stand just below

one of those things from which he was praying to the boiling point (do not let bump) until the precipi-

be spared, but which he felt he could sometime, do tate has become granular. Filter under suction, wash

little to avoid "'t''' ''°t water, ignite in a weighed porcelain crucible.

Some of the modifications of the sulphide separa- '^ool and weigh as zinc pyrophosphate. Zn,P,0, X
tion can be made to work but it is no method for a 0.42913 ^/.n.

busy laboratory or for inexperienced hands. The Dimethylglyoxime can be bought for S2.50 per

fixed alkali hydroxide method is open to obj'ections. ounce.

The titration of the nickel with potassium cyanide in

the presence of sodium pyrophosphate works at least In both the beet and cane industry the complete

approximately under the proper restrictions, but does utilization of by-products will be the determining

not allow of a direct determination of the zinc. factor in the matter of profits. The utilization of cane

Since the announcement during the past three or fiber for paper making, the extraction of cane-wax

four years of the German methods for direct precipi- from the sugar house residues, the manufacture of

tation of nickel as nickel glvoxime or as nickel di- Potash salts, ammonia, cyanide and other chemicals

cyandiamidine from solutions of almost any other from spent beet molasses, improvements in the manu-

metals, our own troubles have ceased quite completely. facture of cattle foods from waste molasses and ex-

The analysis of German silver means now little more hausted chips, utilization of press cake for fertilizers,

than analysis of a brass and the new methods could for burning cement and in other ways, improvements

be used advantageously by many more chemists than i" desaccharifying molasses, manufacture of denatured

appear to be using them. I do not claim originality alcohol from waste molasses
;
these are a few of the

in the method as used in our laboratory for the past lines along which cane sugar and beet sugar chemists

are now working to strengthen their respective indus-

;?^aTe 'c^^n'p°a;;rL1o\'kr<;n-
' Cmc^g?"lli:"""'"^

chemistry.
^^.^^ ^^^^, p,^^^ ^j^^„^ „p,_,„ ^ ^^j^^, fi,,,^,;^, ^asis.
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THE ELECTRIC FURNACE FOR THE MANU-
FACTURE OF IRON AND STEEL.*

By JAMES LYMAN.

The recent development of the electric furnace for

the manufacture of iron and steel registers a distinct

advance in the art. We may expect its rapid intro-

duction particularly as a refining furnace.

It is therefore well at this joint meeting of our two

societies to briefly consider the features of this new

process of making iron and steel that are superior to

the old processes. More and more the manufacture of

iron and steel is becoming highly scientific. The analy-

sis of the ore or the iron treated and the flux and fuel

ingredients is made at the start and from time to time

until metal of the chemical characteristics desired is

obtained. All losses of heat, material and labor are re-

duced to a minimum and the maximum output of fur-

nace is sought. Where the product is to be rolled or

forged the greatest care is used to produce the most

dense and uniform grain of the metal.

Highly skilled chemists, mechanical and electrical

engineers have wonderfully improved and increased

the output of our iron and steel mills in recent years.

They have probably developed the present process to

very nearly their limit of perfection. There are, how-

ever, certain inherent characteristics of these processes

that prevent obtaining the very highest qualities of iron

and steel. For instance, these processes depend upon

various fuels as the source of heat and during the treat-

ment for the elimination of harmful ingredients, cer-

tain foreign impurities, such as nitrogen and oxidation

products enter the bath injuring in a measure the de-

sired qualities of the metal. Further, there is not al-

ways a perfect homogeniety and soundness of metal

throughout the entire charge, and either the chemical

analysis of different charges or the physical properties

of these charges or both may differ perceptibly.

Many metals, including iron and steel, are refined

by melting them in contact with a slag composed of

ingredients which will absorb their impurities. For the

most effective action the slag must be fluid only at the

highest temperatures. The electric furnace is capable

of creating the highest known temperatures, much
higher than any temperatures of combustion and there-

fore producing the greatest fluidity of flux and metal

and this without introducing air or fuel, but on the

contrary maintaining a perfectly neutral atmosphere

above the metal and slag. While the high fluidity of

metal and slag conduce to the most rapid, uniform

Paper presented at the joint meeting of the Chicago branches
of the American Electrochemical Society and the American
Chemical Society, January 20. 1911.

and chemically perfect action on the part of the ab-

sorbing flux, no oxidizing products, nitrogen or prod-

ducts of combustion can enter the metal and the whole

operation can be continued as long as the operator de-

sires ; introducing or removing any ingredients and in

exact percentages.

Furthermore, irons, and steels of specifications which

ha^'e been obtained with difficulty or never have been

obtained in any of the standard processes are readily

obtained in the electric furnace. For instance, nickel

steel which j\Ir. Schwab is quoted as stating will be

the steel for rails in the future, can be made directly,

without difficulty, in the electric furnace. The su-

perior control of the electric furnace over all fur-

naces depending in their action on heat of combustion

especially commends its use in the refining of high

grade irons and steels.

The extent to which the electric furnace will be gen-

erally introduced depends on the cost of operating the

electric furnaces and the superiority of the product

as compared with that of the combustion furnaces.

The cost of electric heat obviously depends upon the

cost of power from water or other sources, as com-

pared to the cost of fuel at the locality under discus-

sion. Further, electric energy may be supplied from

water power or from blast furnace gas at a cost which,

when the efficiency of the electric furnace is considered,

compares very favorably with the cost of high grade

fuels such as charcoal and producer gas.

Prof. Richards has pointed out in his excellent paper

on "Electric Furnace Reduction of Iron Ore" pre-

sented at X^iagara Falls in 1909, that the amount of

fuel used in a blast furnace is determined by the

amount which must be burned at the tuyeres to pro-

duce the necessary smelting temperature and not by the

amount necessary to perform the reduction of the me-

tallic oxides. The amount necessary for performing

the reduction taking place in the furnace is only ^ to

y> of the amount necessarily burned to provide smelt-

ing heat, and he is confident that any practical method

of introducing electrical heat into the crucible of a blast

furnace will result in large economies in the furnace

working. Only ^4 of the heating power of the fuel is

developed around the blast tuyeres and yet if half of

this could be replaced by electrically generated heat,

an economj' of 50 per cent could in all probability be

reached upon the fuel bill. It takes 1.2 tons of coke to

make a ton of pig iron in the blast furnace and about

^ of a ton is burnt by the blast, producing the melt-

ing zone; about 25 per cent of the calorific power of

the coke. If one-half this smelting heat or I2j^ per

cent of the actual heat of combustion could be sup-
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plietl by electric energy the coke required could be re-

duced one-half or .6 tons per ton ol' pig iron. The

quality of the pig iron would also undoubtedly be

greatly improved and it is probable the output would be

increased.

TYPES OF FURNACES.

There are two general types of furnaces : The first

called arc furnaces, because the heat is developed in

an arc established between two large carbon or

graphite electrodes or between these electrodes through

the slag and metal bath. The second called the induc-

tion furnace because the melted metal forms a single

turn closed circuited secondary of a large transformer.

The arc furnace is adapted to both the reduction of

iron ore to pig iron and also to the refining of pig iron

and steel. The induction furnace is only adapted to

the refining of metals and caimot be used for the re-

duction of ore.

Among the many designs of these two general types

of furnaces I will refer briefly to the following:

Fig. 1— Frick's Electric Ore Reduction Furnace.

Tlie Prick Electric Reduction Arc Furnace for

Smelting Iron Ore.—The capacity is approximately 25

tons of pig iron per 24 hours; current taken 2,000 kw.

or approximately i kw. hour per pound of pig iron

produced. Where the iron ore used is of not less than

57 per cent Fe the theoretical power required for the

reduction of the iron in the presence of carbon and un-

slacked lime is from 1,200 to 1,350 kw. hours per ton

exclusive of the heat absorbed by the slag. This heat

is from 100 to 300 kw. hours per ton of the pig iron,

making a total of from 1,300 to i.^So kw. hours per

ton provided burnt limestone is used.

The radiation losses occur partly through the walls,

partly through the electrodes. In the case at hand the

radiation losses are said to be from 320 to 370 kw.

hours. The electrical efficiency of this furnace is there-

fore approximately 80 per cent. Smaller furnaces have

larger radiation losses and lower efficiency.

The Frick Induction Type Furnace for Refining

Iron and Steel.—This furnace consists of:

A ring shaped crucible of uniform cross section

holds the melted metal forming the secondary winding

of the transformer.

A magnetic core built of laminated iron forming a

closed magnetic circuit around the coils.

Two primary coils of insulated copper ribbon mount-

ed one above and one below the crucible on the mag-

Fig. 2—Sectional View Frick's Induction Furnace With Sta-

tionary Cover.

netic core. These coils may be wound for any desired

voltage up to, say, 6,600 volts. Five thousand volts I

believe is used in the furnace shown in the illustration.

This furnace was built by Mr. Frick for the Messrs.

Fried Krupp A. G. in Essen, Germany, last January,

and has been in successful operation since, refining ap-

proximately 20 tons of steel per day from cold scrap in

three charges in about Syi tons per charge of 6J/2 hours

duration on charge. The power required is approxi-

mately I kw. hour for three pounds of steel refined, or

665 kw. hours per ton. To obtain a reasonably high

power factor a special low frequency alternating cur-

rent of from 5 to 15 cycles is used. An engine driven

generator designed to furnish this low frequency single

phase current is employed. The electrical power sup-

plied is controlled by regulating the generator volt-

age. The electric efficiency of this furnace is said to

be about 65 per cent.

The power consumed in melting the material (cold

iron and slag) to say 1,500° C. in a lo-ton furnace is

approximately 600 kw. hours per ton or .3 kw. hours

per pound. The power consumed for refining the steel

after melting is from 1,800 to 2,000 kw. hours for a

lo-ton charge, or appro.ximately .1 kw. hours per

pound. Therefore, only where cheap power is avail-

able can the electric furnace be commercially used to

melt cold material. The melting down can be effected

more economically in the open hearth or other combus-

tion furnace.

It is estimated that in a well designed 15-ton, 2,000

kw. induction furnace the total thermal efficiency from

coal or gas would be approximately as follows:

Gas engines, say 20 per cent.

Electric generator, say 94 per cent.

Electric furnace, say 80 per cent.

Total efficiency, 15 per cent.
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If steam turbine generators are used at, say, one-half

the cost for fixed charges over the gas engine installa-

tion and, say, 15 per cent efficiency from the coal or

blast furnace gas, the total thermal efficiency of the

electric furnace would be, say 1 1 per cent.

Fig. 3— Heroult Reduction Electric Furnace, Noble Electric

Steel Co., Heroult, Cal.

The efficiency of an open-hearth furnace is said to be

from 20 to 25 per cent. In this case the fixed charges

and maintenance of the gas producers partly offset the

turbines or gas engines. It is therefore, apparent that

the cost of refining melted pig iron or steel in the elec-

Fig. -Heroult Reduction Electric Furnace, Noble Electric

Steel Co., Heroult. Cal.

trie furnace, while considerably greater than by the

open heartn, is not excessive.

The Heroult Furnace.—The most notable installation

of the Heroult arc furnace for the reduction of iron

ore to pig iron is that of the Noble Electric Steel Co.,

at Heroult, Cal. In 1907 the first large furnace was

built taking 1,500 kw. of power, but not proving entire-

ly successful this furnace was replaced with a smaller

experimental furnace of 160 kw. capacity. From the

experience obtained with this furnace a second large

furnace was built early in 1909, which has been in

almost continuous service, making 25 tons of pig iron

per day of a quality comparable with the best Swedish

kind. Four more furnaces of the same size are now

being built, which will make this the largest plant of

the kind in the world.

A very pure magnetite ore of 70 per cent Fe and a

high-grade limestone are quarried near by. The

company make their own charcoal and purchase hydro-

electric power from the Northern California Power Co.

Three 750-kw. oil insulated water cooled, 60-cycIe

transformers wound for 2,200-volt primary and a sec-

ondary range of 35 to 75 volts. The secondary cur-

rent varies from 10.000 to 21.400 amperes. The range

in voltage is controlled by a dial switch in the primary

Fig. 5—Carbon Electrode.

circuit of each transformer, giving steps of about three

volts in the secondary. The generation of energj' in

the furnace is therefore, controlled externally without

movement of the electrodes whose position is changed

only to accommodate their wear in the crucible of the

furnace. There are six electrodes, two for each trans-

former. While the primaries of the transformer are

connected to the three-phase power line, the sec-

ondaries are not interconnected.

There are some 30 Heroult arc furnaces for the re-

fining of steel in service in Europe and America in

sizes from i to 15 tons per charge. One of the larg-

est of these is installed in the South Chicago works of

the Illinois Steel Co. This furnace has been in regular

service for more than a year refining Bessemer steel

to a wide variety of specifications. Power is supplied

from three-phase, 25-cycle, 2.200-volt circuit. The

furnace has three electrodes connected delta to the sec-

ondaries of the transformers. Thev are each counter-
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weighted and are raised or lowered by a motor driven

mechanism whicli is cither automatic or hand con-

trolled.

Kjcllcn and Rochliiig-Rodciiliauser Furnaces.—The

Kjellen and Riichling-Rodenhauser furnaces are the

most noted induction furnaces. The first one was built

by Mr. Kjellen in February, 1900, in Cysinge, Sweden.

Thirtv of these furnaces are now in operation in dilTer-

Pig, 6

—

Kjellin Arc Refining Furnace.

ent parts of Europe. Sectional and full views of one

of these furnaces is shown herewith. Electric heat is

not only supplied through the metal bath acting as a

short-circuited secondary but also from a special sec-

ondary winding which supplies current to metallic

plates imbedded in a conducting mi.xture of refractory

material which forms a part of the lining of the fur-

nace. The current from these plates passes through

Fig. 7— Rochling-Rodenhauser 3-Phase Electric Induction

Furnace.

the lining, then through the melted metal in the main

hearth of the furnace. This design greatly improved

the action and raised the power factor of the current

taken by the furnace.

The demand for strictly high-grade steel, absolutely

homogeneous and with great fineness of grain, is to-

day coming from the railroads for steel rails and for

structural bridge steel, from the government for arma-

ment, from the automobile industry, from every manu-

facturer of tools and machinery, engines, steam tur-

Fig. 8—Rochling-Rodenhauser Single Phase Electric Induc-

tion Furnace.

bines, electrical maiuifacturers. and indeed every manu-

facturer using iron or steel. The treatment of Besse-

mer and open-hearth steel in the electric furnace, at an

increased cost entirely within the limits of the pur-

chaser, will make this steel comparable in its fine-

ness with crucible steel and have the physical charac-

teristics best adapted to the particular application de-

sired. Since the railroads have investigated the causes

'ti^^'ii

: ] L 111

Fig. 9—Sectional View of Rochling-Rodenhauser Single

Phase Electric Induction Furnace.

of rail breakages it has been proved that many of them

were due to the presence of foreign injurious bodies,

such as slag, manganese, sulphides, etc. The possible

presence of these impurities as well as the products of

o.xidation and nitrogen is inherent in the Bessemer

and open hearth furnaces but can be almost entirely

eliminated by a treatment of an hour or two in the

electric furnace.

Rails from electric furnace steel are now being tried

out on curves, railway crossings and points where the



254 THE CHEMICAL ENGINEER Vol. XIII. No. 6.

service is most severe by a number of the large rail-

way systems. These rails combine unusual tensile

strength, toughness and hardness. Their life alone,

aside from their increased reliability, will probably

justify the increased cost.

To bring the enormous output of steel rails, struc-

tural, merchant and plate steel up to the high grade of

crucible will mean a new era for the steel business

and rapid advances in all lines of manufacture employ-

ing iron and steel.

The manufacture of modern and light weight steel

casting has always been a difficult and unsatisfactory

problem. There is a large wastage particularly in

castings of odd shapes. This is principally due to im-

purities and sluggishness in the flow of metal in cast-

ings. With less than one-third the electric power nec-

essary for purification, the liquid metal can be held in-

definitely in an electric furnace without any loss in its

composition or danger of burning and a highly liquid

metal can be cast uniformly free from impurities and

gases. Such steel castings can in a large measure re-

place steel forgings at present used, at a much re-

duced price. While the large steel companies will no

doubt introduce electric furnaces as a refining process

for their principal output, the electric furnace can

probably be used to advantage by manufacturers of all

chinery in the steel plants and the hoists in the mines,

in such instances working a wonderful transformation,

so in entering this new field we may anticipate equally

Fig. 10—Sectional View of Kjellin Rbciiling-Rodenhauser
3-Phase Induction Refining Furnace.

kind of iron and steel products in making special high

grade steels from their waste scrap iron and steel, in-

cluding borings and turnings, as they accumulate in

process of manufacture. These furnaces will either be

entirely electric or the metal may be brought to melting

point by gas or coke fuel and then treated by electric

heat.

As electricity has revolutionized our means of com-
munication through the telegraph and telephone, dis-

placed gas and other illuminants for lighting, sup-

planted the horse on the tram car and mechanical drive

in industrial plants, even driving the rolling mill ma-

Sectionac View Inouctiom FuRMACE

Fig. 11.

marked advances and a very great demand for electric

power and electrical apparatus.

The Hongkong Chamber of Commerce has taken

action with respect to the requirement of the Japanese

Government that the recipes of all proprietary medi-

cines entering Formosa shall be turned over to the

Government. Practically the whole of the import drug

trade of Formosa in the past has been handled by

Hongkong concerns. Of late years Japanese houses

and foreign houses in Japan have been securing more

or less of the business. The enforcement of the rule

referred to is regarded as a marked disadvantage to

Hongkong merchants and American and other foreign

houses dealing through them.

A recent consular report states that a British inven-

tion of interest to users of automobiles arfd motor

cycles has recently been brought out for the purpose

of removing carbon deposits from the cylinders of

internal-combustion engines without removing the cyl-

inders. The amount of carbon deposit which adheres

to the cylinder walls, piston heads, and valves is con-

siderable, particularly in air-cooled engines. The in-

vention does away with the necessity of dismantling

the engine or disturbing any of the connections, and

it is claimed that the decarbonizing is done quickly at

trifling expense. The apparatus consists of a cylinder

of pure oxygen, to which is fitted a pressure-reducing

valve with a flexible tube and blowpipe connected, and

a small petrol hand lamp with a long nozzle and wick,

which is used for starting. The process, after the

valve caps have been removed, consists of inserting the

oxygen blowpipe and the lamp nozzle through the

openings into the cylinder head and allowing the

flame to impinge on the carbon, which immediatelv

becomes incandescent and comes away in the form of

light sparks. It is considered advantageous to warm
up the engine prior to commencing operations, this

having a tendency to soften the carbon slightly, mak-
ing removal easier.
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AN ELECTRIC FURNACE FOR ZINC
SMELTING.-

By FRANCIS A. J. FITZGERALD.f

There is no branch of metallurgy which is appar-

ently more suited to electric furnace treatment than

that of zinc smelting. The regular method of zinc

smelting is extraordinary in its crudity, inefficiency

and expense, hence the relatively high cost of heat

generated electrically is not by any means so serious

a consideration as in certain other metallurgical proc-

esses. Moreover the electric furnace possesses certain

characteristics which make it specially applicable to

the conditions of zinc smelting. In the following

paper it is proposed to describe briefly a new form

of electric furnace originally designed for zinc smelt-

ing, although it has useful applications in other kinds

of work.

It is not intended to discuss here the metallurg}- of

zinc smelting, but to appreciate properly the electric

furnace which will be described it will be necessary

first briefly to consider_the particular method of zinc

Fig. 1.

production for which the furnace was designed. It

has long been known that when zinc sulphide and me-

tallic iron are strongly heated the following reaction

takes place

:

ZnS + Fe = Zn-f FeS,

but the reaction does not seem to be complete unless

there is a relatively large excess of iron, or unless the

temperature of the reaction is very high. Imbert, how-
ever, discovered^ that by using suitable "dissolvents"

this objection to the process is overcome. Imbert, for

example, found that ferric oxide and iron sulphide

mixed together in the proportion of one part and three

parts respectively formed a very fluid bath at a tem-

perature between 1,000° and 1,100° C, and that this

bath would ''dissolve" six parts of blende. Xow
when the blende is "dissolved" in a bath in this way
the reaction with iron mentioned above takes place

with the greatest ease, is complete, W'orks at a com-
paratively low temperature and as a residue pro-

duces two distinct substances : A slag consisting of

the gangue from the ore and a ferrous matte which
may be used for the regeneration of iron, etc.

A great many experiments were made with this

process and the results were highly satisfactory, ex-

cept that it was very difficult to construct a suitable

furnace for the purpose. Obviously working the

•Paper pre-sented before the Conirress of Technologv at the
50th .-^nniversaiy of the Granting of the Charter of the Massa-
chusetts Institute of Technology.
tConsulting Chemical Engineer, Niagara Falls, N. T.
»U. S. Patent S7r;.579; Dec. 31. 1907.

process in the ordinary zinc retort furnace would not

be satisfactory, for the process should be carried out

with a much larger unit than a zinc retort. W'hen it

comes to applying fuel heat to such a process numer-

ous difficulties arise which are sufficiently plain with-

out mentioning them in detail. This naturally led to

the idea of using an electric furnace and many ex-

periments with various kinds were made. Finally Mr.

Fig. 2.

John Thomson and the author designed a furnace

which was used on a large scale in the working of

the Imbert process. One of these furnaces of 150-kw.

capacity was constructed and worked under the

author's supervision in Hohenlohehutte, Upper Si-

lesia, with highly satisfactory results.

In order to design a satisfactory furnace it w-as

necessary to keep certain points in view: The fur-

nace must be gas tight ; the temperature must admit

of careful regulation ; the construction must be rugged

so as to stand severe usage ; the heat losses must be

reduced to a minimum since electrically generated heat

is always expensive.

In Figs. I, 2 and 3 are shown respectively a longi-

tudinal section, transverse section and plan of the fur-

nace with the cover removed. The walls of the fur-

nace are double with air-spaces, I, which are designed

to prevent the loss of heat by conduction through the

walls. The furnace is provided with carbons, T, T,

C and C. The two former serving as tenninals which
are connected to the source of current by means of

cable indicated by P and O, while the two latter are

simply connector terminals which form the other ter-

minals of the two sections of the resistor, R, R, and
are connected by E. Bearing on the terminals, T, T,

and the connector terminals, C, C, are channels, B, B,

which are connected with each other by the tension

rods, S, S. The channels are, of course, insulated

from the terminals. The furnace is lined with a suit-
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able refractory, M, and is provided with a tap-hole at

H. The resistor of the furnace is built up of a series

of corrugated plates, which are illustrated in Fig. 4;

the lower sketch showing an end view of the

plate, while that above shows the shape in which the

plates are cut as viewed from the front. In Fig. 5 is

shown a view- of the plates set up so as to form a

resistor. Considering one of the plates it is to be

noted that the thickness is not the same from top to

bottom, but increases from the bottom up so that when

put in place they form an arch of very long radius, as

Scale £_i
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showai in Fig. 5. Because of the interlocking of the

plates this arch form is not necessary, but seems to be

desirable in the preliminary assemblage and is also

utilized to produce a somewhat greater current density

along the lower surface of the resistor. The cover

of the furnace, which is not shown in the illustration,

carries feeding tubes by means of which the ore mix-

ture may be fed into the bath below the resistor.

The peculiar construction of the resistor plates has

two purposes : To give a sufficiently high resistance

to the resistor and at the same time to form an inter-

locking device so that even if no arch form is given to

the resistor yet it will not fall down. A furnace was

built with plates having these dimensions

:

Length at top 40.j mm. 1(3 ins.

Length at bottom '25.J mm. lit ins.

Width 165 mm. G..5 ins.

The two sections of the resistor contained 71 plates

each. This when cold had a resistance of 0.200 ohm
and when running at the full capacity of 150 kw., and

with a temperature in the furnace of 1,400° C, the

resistance was 0.0375 ohin. Tliis resistance is due

almost altogether to the contact resistance between

the plates, for by calculating the resistance of the car-

bon itself we find that it would not amount to more

than 0.00064 ohm.

In order to regulate the rate of generation of energy

in the resistor there must be some means of varying

the voltage at the terminals of the furnace. At Hohen-
loheutte, as well as in the Fitzgerald and Bennie lab-

oratories where these furnaces have been worked, this

is done by means of a transformer with several taps

brought out from the primary coils which allow the

voltage on the secondary circuit to be varied from

50 to 100 volts in 2.5-volt steps, and from 100 to 200

volts in 5-voIt steps.

It will be seen that the weakest part in this furnace

is the carbon resistor, due to the fact that if working

in an oxidizing atmosphere the resistor will be de-

stroyed. In the particular work for which it was de-

signed, however, there would be no danger of this

because the furnace is filled with vapor of metallic

zinc. During the process of heating the furnace, or at

any time when zinc vapors were not generated, there

would be danger of burning through air leaking in

;

but this is easily overcome by keeping a reducing at-

mosphere in the furnace slightly above external pres-

sure. It has been found by actual experiment that a

furnace of this type running continuously for two

months showed no appreciable wear of the resistor.

The regulation of temperature in this furnace is

most satisfactory. In the Hohenlohehutte experi-

ments thermo couples of pyrometers were placed in

several parts of the furnace to study the temperature

conditions carefully. It was found that the most

accurate regulation of the temperature in the furnace

was possible, the workman in charge adjusting the

rate of generation of energy in the resistor so as to

keep the needle of the pyrometer stationary.

The furnace is a highly efficient one. In one of the

earlier models where the heat insulation was far

from being satisfactory careful determinations of all

heat losses were made. When working at tempera-

tures between 1,250° C. and 1,260° C. the total heat

losses were 2i3 ^v^'-. and when working at tempera-

tures between 1,400° C. and 1,450° C. the heat losses

were 42 kw. Consequently when the furnace is work-

Fig. 5.

ing at full capacity, 150 kw., the thermal efficiency at

1,250° C. is 78 per cent and at 1,425° C. is 72 per cent.

No exact determinations of the efficiency of later

models have been made, but it is known to be much

higher than those given above.

The metallurgical end of the problem has not been

completely worked out, but the satisfactory working of

the furnace has been clearly demonstrated, and fur-

naces built on similar principles have been used ex-

perimentally with great success in the melting of

aluminum, copper, brass, etc. This is thought to be

of some interest, as a development in the use of elec-

tric furnaces using the heat generated by the passage

of an electric current through a resistor. There is a
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tendency in electric furnace work to employ the arc

which is often a mistake because ()f the difficulty in

regulating the temperature. I'inally, the furnace de-

scribed above from its construction lends itself readily

to adaptations which ])ermit of using the combined

heat effects of fuel and electricity, and it is thought

that a great future is in store for furnaces of that

type.

TITANIUM ALLOYS IN IRON AND STEEL.*

By CHARLES V. SLOCUM.

TITANIUM IX IKO.V.

When the manufacture of titanium in the shape of

an alloy was undertaken on a commercial scale in 1907.

the results in primary tests were considered for a time

as the basis upon which it would be necessary to place

this material on the market. When a number of trials

had been made, however, it was found that different

results were apparently secured and it then became

necessary to modify these original ideas in accordance

with these developinents and in fact since three years

is not a long time to learn everything in regard to a

new element, this modification is still on.

When it is remembered that the output of titanium

alloy exceeds that of all other alloys combined above

the grade of manganese and silicon, and that this de-

velopment has been made in such an unusually short

period, it is safe to assume that as time goes on the

results will be still more developed, percentages

changed for certain purposes and the whole situation

become more definitely systematized and made to con-

form more readily to the methods and ideas which

time and experience can alone develop to the fullest

extent.

It was an idea at first in using titanium in iron that

since comparatively large percentages gave increased

strength in tensile and transverse tests, that these

larger percentages were essential to the process of se-

curing a titanium reaction in the metal and therefore

must be used. Gradually, however, it became evident

that minute percentages of titanium were successful in

producing many of the benefits of a larger quantity.

As for instance the use of two-tenths of one per cent

of alloy which contains only 0.02 of metallic titanium

is frequently sufficient for the purpose desired, which

consists principally of cleaning the iron of impuri-

ties remaining in the metal after the ordinary fluxes

have accomplished all that they can in this direction.

This cleansing is not one which is possible with lime-

stone or with fluorspar, for these fluxes have no effect

whatever upon the oxides or nitrides containing in the

molten iron.

Titanium, on the other hand, removes both of these

objectionable elements partially in any event and

wholly or practically so wdien sufficient alloy is used

•From the Industruil "World. Condensed report of two papers
read before American Foundrvmens Association, Pittsburgh
meeting. May 24, 1911.

for the puri><jse. The effect then of the small frac-

tions of a per cent in iron is, more practically speaking,

to increase the fluidity of the iron and at the same

time to make the metal more homogeneous, so that the

resulting castings are closer grained, are free from pin

holes and gas bubbles or blow holes, the iron has a

denser structure and at the same time is easily

machined.

The shrinkage is less in the treated iron than in the

plain or untreated casting. This is particularly true in

hard or chilled iron, where heavy castings, such as car

wheels, will shrink an eighth of an inch less or one

whole tape number in circumference.

Much finer work may therefore be done with iron

treated with the alloy, since the castings will conform

more nearly to the original pattern and will have a

more uniform shrinkage than the plain iron.

In a letter dated April 5. igii, the writer was ad-

vised by Air. Asa W, Whitney, metallurgist of the

Enterprise Foundry and Machine Company of Bristol,

Ya.. that he has made a number of careful trials of

titanium in hard or chilling iron. He finds that o.i to

0.2 per cent of the alloy is usually all that is necessary

to make otherwise viscous, high chilling mixtures come

from the cupola close grained and pour from the ladle

as freely as iron carrying half as much chill and of

more open grade. The iron pours well to the last and

gives clean solid castings. "'I find," Mr. Whitney

says, "that I am able to compensate for the cost of

the titanium with less manganese and a trifle less

silicon."

To foundrymen the fact that the metal remains hot

longer than untreated iron is a matter of much im-

portance for certain classes of work, since the greater

fluidity means that the iron will settle more slowdy in

the mold, and thus give time for the gases to escape

and more time for the iron to fill every smallest outline

of the mold without pulling away from the main body

of the casting. These features of good foundry prac-

tice are some of the ones which are often overlooked,

and a high percentage of bad work results. Now in

relation to the benefits to be expected from using

larger proportions of alloy, I maintain that a great deal

of undue importance is often attributed to an increase

in transverse and tensile strength. This may be neces-

sary for certain government work and for some few

castings which must resist unusual stresses in service,

and for such it is necessary to use at least one per cent

of titanium alloy. . . .

To summarize, it may be said that titanium alloy is

of great benefit, in small percentages, for fluidity, for

sharper castings, for remarkable uniformity and for

durability while the larger percentages are for strength

and density of metal in addition.

I realize of course that certain classes of work do

not justify an increase of cost to any extent worth

mentioning, and yet even in cheap work the use of a

pound or two of allow per 1,000 pounds of iron is a

distinct benefit to the metal and costs but 25 to 50 cents
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per ton of product. Other classes which will perhaps

bear a little more expense may be increasingly bene-

fited with three more pounds per i.ooo.

One important feature of titanium in iron should not

be overlooked, viz. : the great durability of all metal

into which it enters. In some tests made by Prof. JM.

Hokanson at the Carnegie Technical Schools some two

years ago the following results were obtained

:

Chilled test blocks machined down to approximate-

ly 3^ inch X Yz inch x i inch were used.

First Test.—Under crushing strain, blocks from

plain untreated iron developed 173,000 pounds per

square inch at failure. Metal from same tap of cupola,

but treated with one per cent of titanium alloy devel-

oped 298,000 pounds per square inch at failure.

Second Test.—^Chilled test blocks from a diiiferent

foundry and made from plain iron, machined as were

the others previously mentioned, developed 200,000

pounds per square inch crushing strength at failure,

while similar pieces from same tap of cupola but treat-

ed with one per cent titanium alloy, developed 392,000

lbs. per square inch at failure. It seems to be this

quality of burden bearing imparted by titanium which

has made such a demand by railroads for its use in

steel rails.

The feature of greater fluidity cannot be empha-

sized too strongly, ^^'hen we seek for increased fluid-

ity through the addition of ordinary fluxes the result is

often disastrous, for much fluxing makes the metal

boil and blow holes, pin holes and defective castings

generally result, together with increased expense in the

repairs or even in actual relining of the cupola,

sometimes necessary from this method of pro-

cedure. . . .

In a recent trial of titanium alloy in the cupola with

a mixture of burnt iron, stove plate, etc., in a large

foundry in the Pittsburgh district the rather large per-

centage (for iron) of half of one per cent alloy was

used together with one-half of one per cent of ferro-

manganese of the usual 80 per cent grade. This trial

demonstrated the interesting fact that the poorest mix

which can be imagined, perhaps, may be brought to

go<:)d normal number one iron by this method. The

average of all the test bars, of which there were ten,

was 3,100 pounds breaking strain and an average de-

flection of .146 inch.

Under ordinary conditions, with the addition of the

manganese only, the strength would scarcely have

reached 2,000 pounds per square inch.

The name of the plant where these castings were

made will be cheerfully given to anyone desiring to

make the same kind of an experiment. It should be

remembered that burnt iron is usually high in sulphur

and the iron in these castings contained .151 and .147

sulphur respectively by two different analyses. Such a

remarkable strength from such remarkably poor iron is

unobtainable at anything like the small cost by any

other process, since the expense of making the metal

homogeneous, of excellent wearing quality, etc., was

about Si.50 per ton of castings. The iron before

treatment could scarcely have been given away for

ordinary purposes and was possibly worth $10 per ton.

The complete analysis of the treated iron by two sep-

arate determinations was as follows :

Silicon. C.C. G.C. Phos. Sul. Maiig.

1.30 .70 2..50 .504 .l-Jl 71

1..30 .74 2.42 .45.3 .147 79
Average of 10 test bars, .3,10o pounds.
Minimiun, 2,900 pounds.
Maximum, 3,265 pounds.

Xot to be misunderstood, I desire to repeat in brief

that high sulphur iron may be made strong and avail-

able for practically all purposes by an expenditure as

above of $1.50 or less per ton of metal melted.

Silicon 1 .60

Sulphur 0.11

Phosphorus 0.55

Manganese 0.50

One-fourth of one per cent of titanium alloy was

added in the cupola and the foundry foreman reported

immediate benefit in the fluidity of the metal and in

the distinct improvement to the castings. This rejuv-

enation of the iron, so to speak, involved an extra cost

of 623^. cents per net ton of metal treated, and was

more than repaid in the reduction in bad work without

regard to the benefit to the iron. Castings from this

iron, with fine grain and good metal, were made which

were only 5/16 inch x J4 inch section.

As a sub.stitute for charcoal, titanium is making

much progress. In a letter dated January 9, 191 1, the

secretary of the .\merican I'oundrymen's Association,

Dr. R. Moldenke, states as follows

:

"I am getting more and more confirmation that by

the use of titanium as one of the most oxidized ele-

ments I know of, we will eventually make a common
coke iron equally as good for our purposes as the best

cold blast charcoal iron of the same composition.'"

In a letter dated December 3. 1910, Prof. John Por-

ter, of the University of Cincinnati, gives expression

to the following idea of the merits of titanium as a

means of securing better castings without regard to

the mere question of strength, which as a rule takes

care of itself in a well-regulated foundry

:

"I believe most thoroughly in the great value of

titanium in cast iron. I know that it will remove many

of the causes of bad castings and feel sure that many

foundries can save money by using it, in addition to

obtaining a better quality of castings. I have several

times seen this demonstrated."

Xow there are a few suggestions which occur to the

writer and which may have become familiar to others,

but it will do no harm to repeat them, viz.

:

In using any alloy do not govern the quantity or the

method entirely by the mere untested statements of

others, but be governed largely by the particular fea-

tures and practices of the foundry in w^hich the trial

is to be made. For instance, one of our best known

manufacturers reports a failure of titanium alloy to

improve iron when used in a cupola which was not

slagged and which therefore kept the titanium in
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almost constant contact w itli the very impurities which a decided effort to improve any material it is always

should have been kept away from it. Such a poor use necessary that some good judgment be used in con-

of good gray iron should be placed in the dark corner nection with it. For instance, what good would it do

and kept there for all time. to add a certain percentage of manganese to the slag?

.Another .|ui,"~iional)k' procedure is In have a few of And yet the writer has several times seen the usual

the castings looked after carefully b_\- some good man deoxidizers added so late that a further deoxidation

like the foreman or even the superintendent, and then by the use of titanium was wholly impracticable,

to have the other titanium additions for the same kind ... In a recent trial of the alloy in basic open

of iron and from which the same results are expected. hearth by one of the large steel makers, it was found

looked after by some laborer or "hunkey" with as that in order to remove the last vestige of brittleness

much knowledge of the necessities of the case as the and of blow holes, the use of one and one-half per cent

city directory has of metallurgy. of alloy was necessary. This in turn made the steel so

The don'ts are almost more necessary in the use of de"se that it was unusually strong and became the

this alloy than important rules of guidance. We put source of much comment and mvestigation by all con-

an allov into an iron or into steel for a distinct pur- ^erned. It is not possible to remove all of the causes

pose, but unless we can at the same time place a little
of poor castings by the addition of titanium nor with

common sense and good foundry practice along with ^"y aHoy whatever. Good foundry practice is more

it. the results will be doubtful in the extreme. We can "ecessary m steel than in iron because more harm is

undertake to put a great deal of pressure upon the ''•^^'^ ^o result if the castings are not as good as they

foreman, but unless he has sufficient foresight to
should be. When the mold is not properly figured and

realize, for instance, that silicon although used as a Prepared
;
when the melt is not looked after to prevent

softener, is also at times a great weakener of good overheating, etc., it all comes back to the original

iron and therefore should be used as sparingly as pos-
statement that other things are necessary as well as the

sible with titanium (which does all the softening neces- "^e of alloys, for good steel making,

sary without doing any weakening at all), it would When we learn that in some mills a sinking head is

be useless to instruct him as to the merits of any alloy. cast which weighs considerably more than the casting

A mere man is only one of the most obtuse of God's itself and the latter in some instances weighs eight

creatures unless he uses the good gray matter with tons, then we see at once that foundry practice has

which most men are endowed and which is so neces- given way to the sink head and it is a wonder the

sary in the manufacture of good gray iron. casting itself does not give way as well.

In conclusion the uses of titanium in iron may be Compare the cost of a nine-ton sinking head to make

summarized as follows

:

'i" eight-ton casting, with the cost of titanium alloy

\-erv small percentages, as low sometimes as i/io of i" sufficient quantity to remove the blow holes which

one per cent (o.i) of allov (only .01 Ti), are sufficient
'be big sinking head removes and it figures out about

to cleanse the iron of impurities not touched by lime- ^^ follows with castings at three and one-half cents

stone or fluorspar, while larger percentages increase P^"" PO""^ ^"^ scrap at three-fourths cents per pound:

the improvement in other directions, making the iron 9 ton head 2,000x0x.O35 =$630.00

more fluid (usually hotter), making the castings Less scrap value 2,000x9x.0075 = 135.00

sharper, finer grained, free from blow holes and pin Maximum head of say 40 per cent by ulh^~
holes and easily machined, while at the same time the Ti 2,000x8x.40x.035 =$224.00

expense runs from 25 cents per ton of castings up to Cost of 1.00 per cent titanium alloy for 8 ton

sav $3 a maximum, all of which is often repaid in the ^""^^"'S and 40 per cent head 22,400xl.no

'
. at !''¥> =28 00

reduction of bad work and in improving poor irons. ' "
"

«.,,., ^^

II. TITANIUM IN STEEL. Difference in favor of titanium $243.00

In steel castings the same principles may be said to When we take into consideration the fact that so

Iiold good as outlined on titanium in iron. In order small a proportion as one-tenth of one per cent of

to secure increased fluidity and ductility of the steel. titanium alloy makes a noticeable improvement to steel

the small percentages of alloy such as one or two- as vouched for by some of the largest makers in this

tenths of a per cent have been used successfully by a country and that larger proportions up to say two per

number of manufacturers and for a further increase of cent add materially to the improvement, then it be-

ductility, density and greatly increased strength, the comes clear that the small cost involved which runs

larger percentages from three-fourths up to one and a from 25 cents as the minimum up to $5.60 per gross

half or even two per cent are extensively used. ton of product as the probable maximum, is something

It must be remembered that the smaller proportions which every steel mill may well take into considera-

are not sufficient to give the full benefit of which tion and begin to save money by reducing their per-

titanium is capable, any more than a small dose of centages of bad work.

medicine is capable of doing what a more powerful The following proportions have been used regularly

one might be expected to accomplish. When we make in a well-known steel mill where only the best results
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are accepted and where the product is said to be equal the applicants. The Patent Office came into existence

if not superior to the best stamping steels made in this only 33 years ago, but its operations have now so

country

:

grown that nearly 300 lawyers, with bureaus and

BASIC OPEN HEARTH STEEL. clerks, make a living by representing patentees. In

Germany an invention to be granted a patent must
Size of heat 120,000 lbs. , ' 11 j ^ ^ 1 1 1have a commercial value and must not have been al-

L. Mn. r. b. ready patented ; more than that, the Patent Office

Analysis 10. .^3 .007 .019 must be satisfied that the invention is going to be of

Titanium alloy added in ladle, 250 lbs. = 0.21 per real practical value for some branch of industry which
cent, or 0.021 Ti. the patent law enumerates. Perhaps no patent office

Aluminum added, 10 lbs. = .01 per cent. in the w'orld is so strict and searching as the German,
Elastic limit, 37,060 lbs. per sq. in. and it is claimed that as a result there are fewer
Tensile strength. 44,920 lbs. per sq. in. fetters on trade, fewer sham patents, and less patent

(After dead soft anneal.) litigation in Germany than in any other country.

Elongation in 2 ins., 40 per cent.

Elongation in 4 ins., 28 per cent.

Reduction of area. 56.4 per cent. Owing to the increasing American interest in the

Fracture, silky. chemical industry of the world, and the desire to se-

In the mills of one of the most scientific steel makers cure information concerning its remarkable expansion

in the United States, steel castings are required of the in Europe, the Bureau of Manufactures of the De-

following specifications: partment of Commerce and Labor, Washington, D. C.,

Elastic limit 45.000 lbs. per sq. in. '^ ^^°^^ ^° ""dertake a special investigation along

Tensile strength 85.000 lbs. per sq. in.
^'^^se lines. Practical suggestions are invited from

Elongation after rupture
'

12 per cent '^'^^ trade as to the most desirable subjects to be taken

Contraction of area 18 per cent. "i^- ^"'^ ^^ ^^ ^'^^ "^^^"^ promising lines for commercial

..T,, -in ^- 1 L ^ 1 ii cxiiansion. The imports of chemical goods and drugs
Ihese specifications have been met and the neces- .'^,.,_ ,. * "

^ r i^^^^i t. -jj ''I'O the United States are reaching enormous propor-
sitv for numerous heat treatments have been avoided .... . ? , ,

, \i r •
1 . J r .• • 11 r tious, havuig bceii Sgo,ooo,ooo m value last vear,

by the use ot eight pounds of titanium allov per ton ot • ^^ • « , ., ,
•

'
r

^ . , r „ T^- J. J
•'

1 J. ^T against $67,000,000 in 1008, while the exportations of
metal (= 0.4 of alloy or 0.04 Ti) added in ladle. No , . 7 , r , t^ • , r^

, . , „ chemical products from the Lnited States have re-
aluminum was used. . , ,

inained almost stationary, the aggregate reaching
These parties write as follows:

^^^^^^ $20,000,000 per annum. The chemical trade is

"Comparing the results of the tests made upon speci- a very broad one. but has special phases well worth
mens after the first anneal, of the last fifteen heats in study from the commercial aspect. To this end it is

which ferro-titanium was used, with those of the last thought that correspondence as indicated will prove
fifteen previous heats in which it was not used, it ap- beneficial,

pears that the mean tensile strength was increased

from 81,633 ^bs. per sq. in. to 91.533 lbs. per sq. in.,

that the mean elastic limit was increased from 47,233 Recent publications of the International Union for
lbs. per sq. in. to 50,000 lbs. per sq. in., that the mean Statistics of the Sugar Industry estimate the produc-
elongation was increased from 15.1 per cent to 19.2 per tion of sugar in the countries belonging to the union
cent and that the mean contraction of area was in- at 7,540,000 tons in 1910-11. as compared with 5,780,-

creased from 18.9 per cent to 24.3 per cent."' 000 tons in 1909-10. and in the non-union countries.

In a letter dated April 12, 1911, Mr. J. H. F. Dixon, Italy, Denmark, Spain, Switzerland, Roumania, Bul-

general manager of the Keystone Steel Casting Co. of garia and Servia, 408,200 tons, against 312,000 tons in

Chester, Pa., makes the following comment on the use 1909-10, a total European production of 7,948,200

of titanium alloy in their steel castings: tons, against 6,092,000 tons in 1909-10, an increase of

"The added cost of the production of our metal 1.856.200 tons. Germany retains its first place as a

by the use of this alloy is so slight that we are pre- producer, with 2,500,000 tons ; Russia comes second

pared to furnish genuine crucible castings titanium "'th 2,100,000 tons, while Austria-Hungary, which

treated, at the same schedule of prices which apply to ^^^s second in 1909-10, takes third place in 1910-11.

our carbon steel. We strongly recommend," he states, France, with a decrease of 90,000 tons in 1910-11,

"the use of steel so treated for automobile work, where occupies fourth place, and ts the only country in the

the castings are subject to unusual shocks and where union showing a decrease. Outside the union, Italy

uniformity of the material is absolutely essential." ''»d Denmark, with a production of 184.000 and 109,-

000 tons, respectively, are the only countries of any

producing importance. To produce the foregoing

Of the 45.000 applications for patents made every amount of sugar in 1910-11 the 1,290 factories of

year to the German Patent Office two-thirds are re- Europe consumed 51,900,000 tons of sugar beets, as

jected after correspondence or personal interview with compared with 40,600,000 tons in 1909-10.
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NOTES AND COMMENTS.

Chemical Fakes and Business Men.

The value nf the expert practical chemist in prd-

tecting the otherwise shrewd business men against

swiudlino- schemes which have too often proved easily

successful, is crisply set forth in a recent article by

Arthur D. Little. Chemical Engineer, of licston.

A curiously large number of gold brick.s, says Mr.

Little, are gilded l)y chemical methods invariably ap-

plied by amateurs who have nevertheless utilized luost

ingeniouslv some few scraps of chemical information.

The surprising thing about the indtistry is the charac-

tei- and (ju;dit\' of its clientele ;i.nd the ])sycliology of

ihc --elling arguments, llartl-licaded business men en-

riched by dearly won success, wdio have learned to

trust their judgment, and who have demonstrated their

capacity for affairs, men who turn a box of straw-

berries upside down, and require a pastor's certificate

of character from the office boy, these are the best pros-

pects. They listen, they witness a demonstration, they

calculate profits, and they are lost.

After all, the psychology of the transaction is not so

obscure. It is because they have learned to trust their

iiwn judgment in the things they know about that they

are led to regard it as equally trustworthy in case of

something abotit which the}- only think they know.

They have so long ignored ex]5ert assistance in their

ordinary affairs that when the extraordinary occasion

arises they feel (|uite competent to cope with it alone.

There is. tuD, unfortiuiatcly. still a certain atmos-

phere of mystery around the processes of cliemistry as

viewed by the average mind, which clouds deduction

and seems to justify the otherwise unreasonable.

"Chemistry accom|ilishes so man)' extraordinary

things, why not this one which I have seen with my
own eyes ?"

Dangerous as the more grossly fraudulent schemes

have proved to would-be investors in the past, there is

often even greater danger in propositions put forward

with the best intentions by half-informed inventors

and promoters. While, therefore, it can be amply

demonstrated that no class of investments can be

counted on for larger and more regular returns than

these in well considered enterprises based on chemistry,

no one untrained in chemistry should consider such in-

vestments without expert advice.

The Escape of Gas From Coal.

The Escape of Gas from Coal is the title of

Technical Paper Xo. 2 just issued by the Bureau of

Mines. The authors, H. C. Porter and F. K. Ovitz, in

their general statement say: "It is a matter of com-

mon knowledge that inflammable gas made up chiefly

of methane, which forms with air the so-called fire

damp of the miner, escapes from the coal in many
mines

;
yet little is known as to the condition of this

gas in the coal, its quantity and rate of escape. In

addition to the gas set free by the coal itself, there is

in many mines a large amount of inflammable gas that

comes from reservoirs in the rock strata above or be-

low the coal bed and enters the mine through cracks in

the roof or floor. Gas entering the mine in such man-

ner from extraneous sources is not considered in the

following report, which presents rather some results

of a laboratory investigation of the rate of escape of

gas from several coals while kept in bottles connected

to gas-collected reservoirs. This investigation was

begun by the United .States Geological Survey and is

being continued by the P)Ureau of Mines at the mining

experiment station at Pittsburg. Pa.

The results of the investigation show that gas

escapes from coal not only during the breaking down
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of the coal in the mines, but also continuously for a

long time after the coal is mined. The volume from

some coals is so great as to merit serious consideration

in connection with the ventilating of the mines and the

choice of methods of breaking down the coal. For

example, during the first two weeks after mining, there

was set free by one coal, exclusive of the gas that

escaped during mining, a volume of methane equal to

three-fourths of the volume of the coal itself. Prob-

ably each cubic foot of this coal (in the seam) set free

in all during its mining and during the first two weeks

thereafter a cubic foot of methane. It was shown by

•further test that during the first five months after min-

ing there was set free from this coal a volume of

methane equal to one and three-fourths times the vol-

lur.e of the coal.

Many investigators, Chamberlin, among others, have

shown th?.t methane accumulates along lines of frac-

ture, such as joint cracks, or in places of increased

; orcsity in the coal bed and escapes from these as they

rrc tut in niini;-g. In any locality of the mine where

lor any reason adequate ventilation is not maintained,

the -methane which has thus escaped may become a

source of ck'UL'er frc?m explosion.

The results of the exferiments discussed in this

paper show that certai.i .American coals, whose min-

ing is attended with danger from accumulations of

inflammable gas, liberate this gas not only while they

are being broken down in mininy. !uit also during a

long period thereafter. -* t first the ,cas escapes rap-

idly, but the rate diminishes and tent's toward a final

cessation in three to eighteen months. If the volume

of the small lumps of coal used in the experiments

be taken as the unit of measurement, abcut one- fourth

volume of methane escapes during; the crushing of the

coal, as shdw n liv Chamberlin, and o'.ie-half to one

and one-half vdlumes on tontir.ued exposal e to the air,

as shown by the authors. The loss of fuel value by

this loss of gas is small, but the danger of a:cumul:ition

of explosive gas from this source in mines and in coal

bunkers is sufficient to justify its being taken into ac-

C( rnt in the \-ent'lation of mines and in th^ ftor:;ge of

coal.

1

"Mr. Heidenrcich's pocketbook is nearer
the ideal than any on the same subject
heretofore published."—Engineering News.
ENGINEERS' POCKETBOOK OF REINFORCED CONCRETE"

By E. LEE HEIDENREICH
Flexible leather, 4ii6J Ins., 374 pages, 164 illastratlona. $3.00 net, postpaid

I The Myron C. Clark Publishing Co., 355 Dearborn Street, Chicago

c.
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THE CONTROL OF THERMAL OPERATIONS
AND THE BUREAU OF STANDARDS.*

By GEORGE K. BURGESS.

The name that is generally recognized as standing

foremost in the determination of the thermal proper-

ties of materials is that of Regnault, but it is per-

haps not as generally known that the experimental

investigations in heat carried out by him over an in-

terval of some 30 years, beginning in 1840, were in-

itiated and supported by the French Government.

The problem that Regnault first attacked was that of

the properties of steam, a particularly opportune sub-

ject at that epoch, and the title page of his first memoir

on the subject reads as follows:

"Account of the Experiments undertaken by order

of the Minister of Public Works, and on the proposi-

tion of the Central Committee on Steam Engines, to

Determine the Principal Laws and the Numerical

Data which enter into the Calculation of Steam En-

gines."

This was published in 1847 or seven years after the

granting of the government subsidy. This delay was

in part due to the necessity Regnault labored under

of carrying on many researches, fundamental and

subsidiary to his main problem, including, for exam-

ple, the construction of both a temperature and pres-

sure scale, as well as determinations of absolute den-

sities and of specific and latent heats.

The example thus set by France in giving sustained

governmental aid for the determination of thermal

constants of fundamental importance has been ap-

preciated and followed after many years, it is true,

by other countries, several of which have established

government laboratories for the carrying out of in-

vestigations, not only on the fundamental thermal

properties of materials but also, in some instances,

with activities covering the whole range of the phy-

sical sciences including the testing of instruments and

materials submitted by the public. Of this type, are

the German Imperial Physico-Technical Institution

(P. T. Reichsanstalt) established in 1887, the Na-

tional Physical Laboratory of Great Britain organized

in 1899, 3nd the Bureau of Standards founded only

ten years ago.

It would take us too far afield to endeavor to cover

•Paper presented before the Congress of Technology at the 50th
Anniversary of the Granting of the Charter of the Massachusetts
Institute of Technology.

tAssociate Physicist, Bureau of Standards, Washington, D. C.

the whole subject of standardization and its relation

to industry, and it will serve our purpose to limit

ourselves to the consideration of a domain, that of

heat, in which the development of standards has been

less rapid and less exact than in many other lines.

We shall sketch in some detail the part taken by the

Bureau of Standards in the control of thermal opera-

tions, with the object of calling attention to an aspect

of the question of economic efficiency that is of funda-

mental importance, namely, the role of common units

and standards, their establishment, maintenance and

availability.

It is a most painstaking matter to set up and main-

tain a temperature scale ; in fact, the text books state

that temperatures cannot be measured and that we
can only recognize or locate a given temperature in

terms of some other phenomenon that we can recog-

nize or measure. For such reasons, in great contrast

to the certainty and permanence of our standards of

length, mass, time and more recently the electrical

quantities, we have had and still have great discrepan-

cies in our temperature scales and all the varied quan-

titative relations and thermal constants depending on

them.

It is eminently fitting, therefore, and particularly

necessary that there be a central authority for the

establishment, maintenance and distribution of a sin-

gle temperature scale and the derived heat units. The
International Bureau of Weights and Measures, es-

tablished in 187 1, at Sevres, near Paris, revising the

work of Regnault and others performs this function

in the first instance for the fundamental thermometric

interval o-ioo°C, while the higher and lower temper-

ature ranges and derived quantities have been left

mainly to the various national laboratories since their

establishment, as they were previously left entirely to

individual initiative. Among the most brilliant ex-

amples of the latter are those of Barus in the early

eighties when he was physicist of the Geological Sur-

vey, Rowland at the Johns Hopkins, and our own
Holman.

Experience has shown, however, that it is quite

impracticable for any individual \vorking alone, and

engaged in other pursuits as he must be, to maintain

and disseminate a temperature scale. Indeed, prog-

ress in exact measurements in thermal constants

and in all physical constants depending on tempera-

ture has often been greatly hampered in the past by

the unavailibility of any common temperature scale

in terms of which results might be expressed. Each
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investigator was speaking a different temperature

language which he could translate into no other. It

required, for example, several eleborate, subsequent

researches to express the results of Rowland's mag-

nificent work on the mechanical equivalent of heat in

terms of the Hydrogen Scale of the International Bu-

reau. Today, it is neither necessary nor desirable for

an independent investigator to try and set up his

own temperature scale. Continuity and permanence

of thermal standards can only be maintained to ad-

vantage by laboratories especially equipped for the

purpose, the organization and working of which are

not dependent on any individual, and the equipment

and staff of which are adequate to meet the demands

of the public.

Since its creation in 1901, the Bureau of Standards

has been actively engaged, in so far as its resources

would permit while developing many other lines of

work, in serving the United States in the capacity of

an advisor on best values and available methods in

the many lines of thermal measurements. This ac-

tivity has necessitated the undertaking of a consider-

able number of experimental investigations, the car-

rying on of a very extended correspondence, and

the execution of many tests of instruments and ma-

terials. The bureau does not impose its authority in

thermal standards on anyone, and any prestige in this

field it may possess must rest on the reasonableness of

its suggestions.

The temperature scale of the International Bureau

has been reproduced here to 0.002°C in the interval o

to ioo°C or to as close as temperatures are known

within this interval ; and for the remainder of the tem-

perature range, for which there is no international

authority, a temperature scale has been constructed

which, except perhaps for the very highest tempera-

tures, is in substantial agreement with those main-

tained by the German and British laboratories. This

temperature scale of the Bureau of Standards is re-

producible to about o.°03, at 500°, 1° at 1,000°, and

10° at 2,000° C, and has required for its establish-

ment a great deal of experimental work, and advan-

tage has of course been taken also of similar work

elsewhere.

It mav be of some interest to consider the relation

of this Bureau to some of the various bodies with

which it comes in contact, and mention in particular

some of the thermal problems to the solution of

which it has contributed.

The Bureau is by law constituted the custodian of

the standards and is authorized by the organic act

creatine: it to exercise such functions as "the com-

parison of the standards used in scientific investiga-

tions, engineering, manufacturing, commerce, and

educational institutions with the standards adopted

or recognized by the Government ; the construction,

when necessary, of standards, their multiples and

subdivisions ; the testing and calibration of stand-

ard measuring apparatus ; the solution of problems

which arise in connection with standards ; the deter-

mination of physical constants and the properties of

materials, when such data are of great importance to

scientific or manufacturing interests and are not to

be obtained with sufficient accuracy elsewhere.

Questions arising in the departments of the Gov-

ernment requiring advice or decisions on the physical

properties of materials are usually referred for solu-

tion to the Bureau, and this demand for its services

and advice is growing at a greatly accelerated rate

for tests of various kinds of temperature measuring

instruments, for the formulation of specifications,

for the purchase of thermal apparatus, and of ma-

terials on which thermal tests may be made to con-

trol their quality, and for the carrying out of specific

experimental investigations on materials, processes,

or methods involved in the solution of some problem

in which one or another department of the Govern-

ment is interested.

To mention a few examples among many of the

control thus exercised, the purchase of clinical ther-

mometers for two of the departments as well as of

the various kinds of thermometers for several of the

scientific Bureaus, is based on specifications drawn up

by the Bureau and its testing of the instruments be-

fore their acceptance ; and the knowledge on the

part of manufacturers that a bid may be rejected due

to the findings of a disinterested, competent authority

is not detrimental to the class of instruments sub-

mitted in competition for purchase in this way.

The purchase of refractory brick by the Panama
Canal Commission is also based on such tests, as well

as that of many other materials.

The decision as to whether contested materials

are inflammable and, therefore, to be barred from

carriage on passenger steamers is left to the Bureau,

and such decision sometimes entails an unexpected

amount of experimentation.

Investigations of lubricating and illuminating oils

and of the types of apparatus used in the testing of

them are being carried out with several objects in

view such as the drawing of better government spec-

ifications, the furnishing of data for better and more

iniiform testing methods both in this country and by

international agreement. The tests of viscosity, for

example, are now on a purely empirical basis, dif-

ferent countries use different instruments, and in the

United States there are several incommensurable in-

struments in common use. It is hoped to reduce all

such measurements to a common basis.

The Bureau has been asked to take part in the

work of several International and National .Socie-

ties or Committees, usually with the object of estab-

lishing by experimentation the necessary conditions

or specifications for the carrying out of some method

of testing or standardizing materials, methods, or

instruments. We have not been able to meet all the

demands of thfs kind in the .field of thermal opera-

tions, but have limited ourselves to some of the prob-
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lems that arc in the most unsatisfactory condition.

Besides the oil question, which is very troublesome,

the subject of combustion and gas calorimetry has

been attacked from the foundation, and although less

than two years have been spent on this, we not infre-

quently receive praiseworthy letters of a slightly

ironic cast asking for our final results on this or that

phase of the problem. Accepting Regnault's stand-

ard, we still have five years to make good on this

problem however. An outsider does not always

realize that no one is more impatient to finish his

problem than the worker himself, but where funda-

mental standards are concerned the worker is bound

to be more conservative than his severest critics.

In this calorimetric work it has been necessary,

for example, to design and install a complete plant

for the production of pure oxygen, new calorimeters,

resistance thermometers and accessory apparatus

capable of giving results of the highest accuracy at-

tainable at the present time ; and the thermal con-

stants must be determined with different sets of ap-

paratus and checked by several methods.

This calorimetric investigation is very far-reach-

ing and involves, for example, the heat values to be

accepted as standard in this country for the constitu-

ent components of gas burned in every city and town

and. therefore, the ultimate basis on which the price

of gas as fuel should be fixed. The heats of com-

bustion which are being determined of those sub-

stances suitable for calibrating bomb calorimeters, in

a similar way. will define the ultimate units on the

basis of which coal and oil fuels should be bought and

sold. Concrete calorimetric standards are realized

in the form of certified samples of pure materials of

known heat value, which are distributed to interested

parties. The various types of calorimeter are also

being compared, and incidentally to the whole in-

vestigation, improved methods of measurement and

new instruments have been developed.

To the refrigerating industries we have furnished

after elaborate experimentation the correct values of

the specific heat of brine at low temperatures, a con-

stant of very great importance to them. There is

great need for further systemization of units in this

field as well as the better determination of other con-

stants fundamental to refrigeration. The question

of these units will be gone over very carefully at the

next International Congress of Refrigeration which

meets in this country next autumn.

The relation of the Bureau to the manufacturers

of precision instruments is very close, manifold, and

in general most cordial. When it is remembered

that previous to 1901 there was no generally recc^-

nized standardizing authority in this country for ther-

mometers and that each manufacturer had his own
scale tied up in one or more long cherished instru-

ments, the breakage of which was a real calamity for

him and his clients, the necessity for the establish-

ment of a standards bureau is self-evident.

Besides the testing of therometric instruments, and

thereby furnishing all manufacturers with a single

scale, uniform everywhere—the Bureau, in certain

cases, loans its own standards. It has also taken a

very active part in the improvement of specifications

and the methods and materials of manufacture as

well as in testing methods. The resulting improve-

ments in American thermometer manufacture have

been such, that in 1906 Gehr. Wiebe, the chief of

the thermometer department of the Reichsanstalt,

published the statement that the German thermometer

manufacturers were complaining more and more of

the loss of the American market.

The manufacturers of instruments for the meas-

urement of high temperatures have also been aided

greatly, and the condition in this field may be de-

scribed as having been chaotic before the benefits of

uniformity of calibration could be realized. Oppor-

tunity is also given for trying out and developing

new types of instrument, and a great many sugges-

tions have been given manufacturers which have

been incorporated in their instruments. The stand-

ards of practically every pyrometer and thermometer

manufacturer in the country have been tested at the

Bureau.

The past ten years have witnessed great strides in

the development of the manufacture and use of

pyrometers. Formerly the question usually asked by

en engineer responsible for the control of some pro-

cess involving change of product or output with vary-

ing temperature, was "Do I need a pyrometer and is

there a reliable one?" Today he knows he needs one,

and asks which is the best for his purpose. The Bu-

reau carries on a very heavy correspondence with the

users of such instruments endeavoring to furnish

them with the information best adapted to each case,

although no pretence is made of replying to the often

asked question, which is the best pyrometer?

In a similar way, advice has been furnished to

Universities and Technical schools regarding the

formation of courses of instruction in heat measure-

ments, the installation and design of new apparatus,

and the testing with the highest possible accuracy of

instruments to be used by them in numerous experi-

mental investigations.

To still further aid in the dissemination of a uni-

form temperature scale, preparations are being made

for the distribution of samples of pure metals and

salts of certified melting points, thus permitting any-

one to check his own thermometric or pyrometric ap-

paratus in place. As a preliminary to this, a care-

ful survey of the reproducibility of the thermal be-

havior of such materials from several sources of

supply has been made.

Among the other investigations under way or in

immediate contemplation, that have a bearing on the

control of thermal operations, may be mentioned stu-

dies of thermal properties of steels and refractories,

including in both instances the purest obtainable ma-
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terials and the commercial products ; the properties the several countries. Today, a pyrometer manufac-

of steam with respect to turbine design ; the melting tured in France, calibrated in England and used in

points of the elements and of some pure salts and the L'nited States comes in competition with a Ger-

alloys
; gas thermometry ; the temperatures of incan- man-made and certified instrument, and with one of

descent lamps ; the corrections to be applied to optical American make and certification. They will each

and radiation pyrometers when sighting on steels, give a different temperature for a furnace at say

bronzes, clays, and so forth, and the comparison of 1,500° C. We have the example of the unification

the laws of radiation on which the estimation of the of the standards of weights and measures as well as

highest temperatures is based. those of electricity and photometry, and it is to be

Some of these experimental problems have been hoped that ere long the standards of heat may also

undertaken at the suggestion of one or more inter- be rendered universal.

ested individuals or corporations who often are in a

position to furnish materials that may sometimes be The Bureau of Mines has begun the publication of a

difficult to obtain otherwise. Indeed, we are at times series of short papers to be known as "Techincal

in the perhaps happy, but nevertheless embarrassing Papers," intended to convey to engineers and others

position of being offered a great many more oppor- quickly the results of certain of the investigations,

tunities of this kind than we can embrace. The first of these, known as Technical Paper No. i has

Still another function the Bureau has occasionally just been issued under the title, "The Sampling of

exercised, and one that will probably develop, is to Coal in the Aline," and the author is Joseph A.

act as referee or court of appeals in case of disputes Holmes, the director of the bureau.

involving standards, physical properties of materials in the general statement, the author says

:

and the like, and for the interpretation of contracts -in dealing with coals no less than in dealing with

involving testing methods. ores, the taking of the sample requires as much care

The testing activity of the Heat Division of the as does the making of the analysis or assay. And the

Bureau for the past four years ending June 30, 1910, difticulties in the way of obtaining, at reasonable cost.

is shown in the following table

:

a sample of coal that fairly represents the commercial

1906-7 1907-8 1908-9 1909-10 product as found in the mine or, more especiallv, as
Clinical Thermometers 8,444 8,395 10,955 13,082 f , , • i- i ^ \ a a\u
Various Thermometers .577 798 1,791 1,508 loaded m cars or m ships, have seriously retarded the

Pyrometers 46 60 31 39 movement for the sale or purchase of coal on a rapid
Calorimetrie Tests .. 41 58

-fi .- -k
•

Oils: Flash and Viscosity 42 17 159 17
specihcation Dasis.

Miscellaneous 9 99 6 45 "The purpose of this paper is to describe briefly the

Several of these miscellaneous tests were of the method now followed by the Bureau of Mines and

nature of quite elaborate investi,gations and most of United States Geological Suvey in an endeavor to take

the pyrometers were manufacturers" standards. Nom- mine samples that fairly represent the beds of coal

inal fees are charged for all tests except for the that are examined and that show, for the places sam-

United States or State Governments. About one- pled, the commercial possibilities of these beds. It is

third of this testing is for the United States Govern- of the utmost importance that the sampling be done

ment. The Bureau makes known the results of its in a systematic manner, according to a prearranged

investigations by means of its Bulletin, and its test- plan, and that the same procedure always be followed

ing methods and specifications are described in Cir- where circumstances permit. Wherever it is possible,

culars of Information. unless special samples are desired for a particular

With the ever-increasing economic competition and purpose, only clean, fresh coal should be sampled, and

the improvement of scientific methods and instru- all dried, weathered, or long-exposed coal should be

ments as applied to the arts and sciences, the de- avoided. \Mien weathered coal, either in the outcrop

mand for higher accuracy of calibration is also con- or in pillars, or other special samples are collected, the

stantly growing. AMiere, for instance, o°.oi C. was particular characteristics of each sample should be

considered an ample precision a short while ago in clearly described.

combustion calorimetry, and o°.ooi C. sufficed yes-

terday, the demand is now for a certainty of o°.oooi The production of bauxite in the United States in

C. in temperature dift'erence at 25° C. The meeting 1909 amounted to 129,191 long tons, valued at $679.-

of such rigid requirements necessitates oftentimes 447. The year 1908 was one of general business de-

the application of entirely new methods and instru- pression, and therefore the normal growth of the

ments, and we are witnessing in consequence the bauxite industry can be seen by comparing the figures

passing of some familiar types such as the mercury- for 1909 with those for 1907 rather than with those

in-glass thermometer from the list of instruments of for 1908. As compared with the production of 1907,

precision. the output in 1909 showed an increase of 32 per cent

A most important step is yet to be taken in the in quantity and 41 per cent in value. The average

unifying of the temperature scales and the values price of the ore per ton at the mines was : 1907, $4.91

;

assigned to the various thermal constants in use in 1908, $5.06; 1909, $5.26.
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THE INDIA RUBBER INDUSTRY.* re-exported, the average li.mircs for the last five years
" being

:

The foiindations of the riibhcr industry were laid exports ok r.\w rubbkr.

considerably over a century atjo, vet it must, as an Quantity, cwt. Value, £.

. , , ,
I 1

' ; .
I

Average imports 1904-1008 587,781 3,302,990
nidustry proper, be regarilcd a- uf a comparatively Average re-exports 1904-1908 334,129 5,858,488

modern and rescent origin. .Mthough Samuel Peal

in 1701 patented a process for water-proofing cloth Balance retained for consumption.
.

253,652 3,444,502
' -> ^ '^

r
MANUF.\CTURED GOODS.

by spreading it with hot rubber, Thomas Hancock, of Exports, Imports,

London, and Charles Macintosh, of Manchester, are ,. J^^^V -.t- I^'^^VValue, £. Value. £.
generally regarded, in conjunction with Charles Good- .Miscellaneous goods 1,576,000 482,644

vear, of New Haven, U. S. A., as being the actual B?ots and shoes. 205,668 12.3,381

^, ,, ,r- ,-r. Waterproofed goods 295,184 6,82-j

founders of the industry. Macintosh in 1820 pro- Rubber covered cables, other than

duced water-proof garments bv a practicable process, telegraph and telephone cables 289,-342 103,230

,' '^

TT ' . •
Tilegraph and telephone cables 744,140 125,08i

and about the same date Hancock invented a masti-

eating machine and process, thus introducing the manu- Total 3,110,334 841,167

r ^ r 1-1 1
."

r 1 • •

'

ii ii This does not include inferior grades (very resinous) rub-
facture ot rubber sheet and much improving the meth-

,^^^3^ ^^^^ as "Pontianac" or "Jelutong." The annual produc-

ed of making "solution.'" It was not, however, until tion of these is probably some 20,000 to 30,000 tons, the

after the process of vulcanization bv the combined
United States alone importing some 12,000 tons annually.

action of sulDhur and heat, had been discovered, bv There are no published figures on which an esti-

Goodyear in 1839, and independently by Hancock '"^te of the value of the manufactured articles con-

about 1844. that the rubber industry showed signs of ^""^^^ in the home trade can be based with any cer-

becomingof great importance. In 1846 Parkes^ found ^^'"ty' b"* '* '"'''y ^e safely placed at not less than

that india rubber may be vulcanized in the cold bv the
t^" ""'"'^"^ sterling, assuming normal rubber prices.

action of sulphur chloride suitably diluted, but' this
The india rubber industry as a whole may be con-

, 1- 1 1 4. I -c It.- venientlv and natiirallv subdivided into three sec-
process IS onlv applicable to goods of verv moderate

thickness. The influence of the discovery of •'yulcan-
tir.ns. namely (i) the production ot crude rubber;

ization" on the development of the rubber industrv ma>-
^^^^^^^^ ^^ ^^,^^^^ ^^. j,,^,,,

be judged by the following figures representing tons of p,-^„, Quantity, cwt. Value, £.

crude rubber imported into the United Kingdom: Brazil 300,032 5,331,842

o'o „ ^^.o Pi^Tu 29,622 518,8K:i

1830, 21 tons : 1850, 381 tons
: 1870, 7,656 tons

; 1890, French Colonies 58,159 .5.53,01-5

13,200 tons: average 1904 to 190S, 29.389 tons. Only Other foreign countries 112,085 831,819

a very small proportion of the total passes to the con- Total foreign 499,898 7,236,161

sumer in the unvulcanized state. British possessions 75,168 l-I^"'."'^

.A.t the present day the total production of raw rub-
j,-,tai 1908 575,056 8,371,205

ber is probably between 70,000 and 75.000 tons broadly Total, 1907 667,294 10.8:^4,7.59

distributed as follows: Brazil. Peru, Bolivia, 40,000
;

tons; other South American countries, Mexico and (2) manufacture of articles from and with the aid

Central America, 7,000 to 8,000 tons; .-\frica, 17,000 of the crude material; (3) treatment and utilization of

to 20,000 tons; Ceylon. Malaya. Java, Sumatra and waste rubber.

Borneo, 4.000 to 5.000 tons. ^Miscellaneous, i.ooo to India rubber is contained, in the form of an emul-

2,000 tons. •i\o\\, in the latex or milk of the laticiferous system of

The most important rubber consuming countries are various plants. It also occurs, but not frequently, in

the United States, the United Kingdom, Germany and «he solid state, as a deposit in the woody fiber of cer-

France. Italy and Russia also import and manufac- f^in species, for instance in the Guayule shrub (Par-

ture considerable quantities. As a rough approxima- thenium argentatum). The laticiferous system of most

tion it mav be said that the United States consume "ibber bearing species lies between the outer bark and

one-third of the world's rubber, the United Kingdom ^'^^^ cambium. By cutting thnntgh the outer bark and

and Germany between them (in approximately equal '"*" ^'^e ^^tex cells the latex may be obtained as a white

shares) one-third, and the other countries the remain- ^'^ cream-colored, more or less viscous liquid. In

inp- third
former days this operation of "tapping" was carried

^, , ,, • 1 •
,

cnit in a very rough and ready fashion, resulting in
J he acc(.imiiam-ino- figures will give a general idea . . , ^i

' 1' , . ^1 i-r j •
1 r "

. , . ' • '

, , , • , • , injury to the wood and so to the life and Yielding ca-
of the importance of the rul)ber iiidustr\- in tlie .

"
^ , , 1 .1 <• ,• '•. u" , 1..

-.. . , ^.. , . „ " pacitv of the tree. .\s regards the native or wild
United Kingdom m 1908. uu' r 1 ^ ^ r c n .4 r- * 1 a-^ rubber from large tracts of South and Central Amer-

Nineteen hundred and eight, owing to the American
j^,.^ ^,,,, ^^^^^ ^^^j^^.^ j,^;^ ^^ji, ,^^,,1^ ^^j_ ^^^^^ ^^^^^^

financial crisis, was an abnormal year; the totals of the
^,,^^^^^ conditions of collection, adequate supervision

preceding year are therefore also given.
^-,f jj^^ ^ajj^gj ^^^ methodical working is out of the

Of the total imports, rather more than one-half are question. For the correct tapping of a tree, the fol-

,„ , , o • . ^, , , , .
lowing factors are of cardinal importance, namelv (a)•From ,Iourn,Tl Society Chemical Imlusti'.v. ^ ' . \ /
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the age and species of the tree
;
(b) the method of

making the cut; (c) the disposition of the cuts and

the general contour of the cutting system; (d) the

season; (e) frequency of tapping; (f) methods of

collection.

Occurrence of India Rubber Bearing Species.

—

Rubber bearing species are indigenous to consider-

able tracts of the tropical and sub-tropical zones.

Favorable conditions are a moist climate with high

and equal temperatures and a fairly copious rainfall.

Although the nature of the soil is of importance, cer-

tain species thrive well in soils which would be re-

garded as poor for planting many other tropical prod-

ucts. Rubber species are very numerous but the

following are of greatest industrial importance

:

1. Hevea Braziliensis or Para Rubber. This is

indigenous chiefly to the area watered by the x\mazon

and its tributaries. It has been almost exclusively

employed in the plantations of Ceylon and Malaya

and largely in Sumatra, Java, Samoa, etc.

2. Ficus Elastica, or "Rambong," is indigenous to

I'urmah, Ceylon, Malay. Java, India, etc. It has been

planted to some extent in the eastern Dutch colonies

and in some parts of the German possessions (New
Guinea, etc.). Other Ficus species are found in Africa

and South America.

3. Funtumia Elastica.—Indigenous to many parts

of Africa, planted experimentallv in Uganda, the

Cameroons, etc.

4. Landolphia species occur profusely in many of the

African rubber districts and yield a considerable pro-

portion of the crude product exported from Abyssinia,

the Congo, and from the West and East coasts.

5. Castilloa Elastica.—The natural rubber par ex-

cellence of Mexico and Central America. It has

been largely planted in [Mexico and experimentally

elsewhere.

6. Manihot Glaziovii.— Indigenous in the State of

Ceara (Brazil). Planted experimentally in the East,

the Cameroons, etc. Other rubbers of some technical

importance are Guayule (Parthenium argentatum) the

Sapium varieties, the Hancornia species and resinous

rubbers such as Dyera eastulata or "Jelutong".

Quality and general attributes of different species

:

There are very marked differences in the quality of

various rubbers, attributable partly to the inherent

properties of the various latices, and partly to the

methods of collection and preparation. Two main
factors determine the value of a rubber, namely, its

chemical purity and its physical properties. The chief

impurities are moisture, resins, proteins, ash, matters

insoluble in rubber solvents, and such adventitious

impurities as mechanically admixed earth, bark. etc.

In regard to physical properties, the main considera-

tions are strength and vulcanizing capacity.

Differences due to inherent properties of the latex:

There is, in regard to chemical composition, in the

narrower sense of the term, no very great difference

between the latices derived from the more important

species ; but the physical properties of rubbers pre-

pared from the main species appear to exhibit wider

differences than do the chemical properties, but it is

probable that improved methods of preparation will

tend to minimize these differences also. The best

of the Funtumia and Landolphia species seem to show

the greatest mechanical strength, then follow the He-

vea and Ficus species, although some would perhaps

place ^lanihot nearer the head of the list. The dif-

ferences in regard to physical and physico-chemical

properties between the various species are of consid-

erable interest inasmuch as it would appear from the

work of Harries and Gottlob that the complex caout-

chouc molecule in some of the African varieties

(probably Landolphia and Funtumia species) is not

identical as regards complexity and disposition of the

simple molecule with the molecules of the Hevea

species. In splitting the ozonide derived from the

Hevea rubber certain quantities of leavulinic-aldehyde

and leavulinic acid were obtained. The fission prod-

ucts derived from the African species and also from

gutta percha were constant in quantity relatively, to

one another, but the relation of aldehyde to acid was

practically the reverse of that observed in the case of

the Hevea derived ozonides. There are two main

factors which must be taken into consideration in con-

nection with the physical properties of pure caout-

chouc. In the first place there may be differences in

regard to the molecular complexity, i. e.. the state of

polymerisation of the molecule itself, and, secondly,

differences in regard to the colloidal state of the rub-

ber particles, that is as Spence has recently pointed

out, the differences of physical aggregation. These

dift'erences may well occur even in rubber of one and

the same species. My own work on the viscosity of

rubber solutions is confirmatory of the view that from

one or several of the reasons given there are specific

differences in regard to the actual "caoutchouc" con-

tained in Hevea, Funtumia, Castilloa, and Sapium

varieties.

Anyone inspecting the various forms of rubber

emanating from Africa, Asia and tropical America

would scarcely believe that most of these are prepared

from latices, which if properly treated, would yield

rubbers differing little in commercial value from fine

hard Para on the one hand, or the best plantation

products on the other.

It is mainly due to the work of the chemist, stimu-

lated by the rise of the plantation industry, which

in its turn is mainly due to the efforts of economic

botanists that this change in our views and this im-

portant addition to our knowledge has come about.

Differences Due to Methods of Preparation.

—

The bulk of the raw rubber is still prepared in a

ver}'- crude manner, and this is likely to be the case

for some time to come. Practically all "wild" rub-

bers (rubbers prepared by the natives of the rubber

regions without skilled white supervision) contain

in addition to a considerable proportion of moisture,
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a varying' quantity of mechanical impurities. Such

rubbers have to be thoroughly cleaned before they

can be used in the factory. The loss which native or

"wild" rubbers show after this process has been com-

pleted generally varies from 10 to 50 per cent, or

even more. Frequently native rubbers are wilfully

adulterated with sand, stones and dirt, not to speak of

admixture with inferior rubbers. The foregoing ap-

plies chiefly to African and Asiatic rubbers, for the

South .\merican rubbers are, on the whole, better

prepared, many of those being from the valley of the

.Amazon being of remarkably fine quality. These rub-

bers have been, ever since the rubber industry has

attained to considerable proportions, a standard of

quality, and prices of pure plantation rubbers are still

referred to fine hard Para as a standard. The Para

rubbers are prepared by coagulating successive films

of latex round a core by the combined action of heat

and wood smoke. In this way the whole of the non-

rubber substances contained in the latex are incor-

porated.

THE PL.-VNTATION INDUSTRY.

Perhaps the most important occurrence in the rub-

ber industry since the discovery of the process of vul-

canization is the foundation and development of plan-

tations. In 1875 Wickham was commissioned by the

Indian Government to obtain from the Amazon valley

a supply of Hevea B. seeds, and from these and from

small quantities obtained from other sources, sub-

stantially the whole of the 60 to 100 million trees now
growing in the East have been raised. In 1876 the

first large batch of seeds was planted in Ceylon, but

the following 20 years constituted a purely experi-

mental period, and it was not until some years of the

present century had passed that planting on a really

industrial scale commenced. The evolution of the in-

dustry may be gauged by the following figures

:

Approximate acreage under Rubber in Ceylon.
Year, Acreage.
1890 300
1895 .550

1898 1,250
1904 11,000
1907 150,000
1910 190,000

The following is an estimate of the total acreage

under planted rubber in various parts of the world

:

Country.
Ceylon
Malay Peninsula
Java, Sumatra and Borneo.
India
German Colonies

Acreage.
190,000

250.000

90.000

25,000

38,000
Mexico. Brazil, Africa and \V. Indies 100,000

Total 693,000

From the experience gained so far, 200 to 250 lbs.

to the acre appears to be a safe estiinate of yield, but

not immature trees, planted under reasonably favor-

able conditions. During 1909 the Eastern plantations

exported roughly 4.000 to 4,500 tons, of which 2,800

came from Malaya.

Plantation ^lethods.—-Wild rubber is generally

collected from scattered trees as a rule in forest re-

gions inaccessible except to the natives of the district.

In most cases, therefore, skilletl sujjerintendence of

collection of the latex and preparation of the rubber

is out of the question. The planter is able, under

favorable circumstances, to produce 250 lbs. of pure,

dry rubber from a single acre of land, whereas the

native collector in the forests of Africa and South

America may have to scour 40 or 50 acres, if not

more, to obtain the same quantity of, in many cases,

an extremely inferior product. The tree which is

most generally, in fact, in the East almost exclusively,

planted at the present time is Hevea Braziliensis, and

it has been found possible and profitable to tap this

tree at the end of five years. It would be desirable

that tapping should be deferred, say, till the sixth

year in most cases, for early tapping produces a com-

paratively inferior rubber, and is detrimental to the

tree. The question as to whether, assuming tapping

is conducted in a reasonable manner, the tree may be

tapped indefinitely for a successive number of years

may be answered in the affirmative, for there are trees

in the various botanic gardens in the East which have

been successively and successfully tapped for some

thirty years or more, and which show no apparent

injury.

Cost of Production.—There are two main factors to

be considered in this connection (a) cost of bringing

into bearing; (b) upkeep and manufacture. The cost

of bringing into bearing varies from ;£i8 or £20 up-

wards, the average being about £40 per acre. At 5

per cent this corresponds to a fixed charge of £2 per

annum, or assuming that 240 lbs. per acre are pro-

duced to 2d. per lb. of rubber. With regard to up-

keep and manufacture, etc., the following figures are

based on the actual working expense of a Malay

estate which produced about 100 tons of rubber in

1908, at 200 lbs. per acre, and estimated, when ma-

ture, to produce 400 lbs. per acre

:

Per lb.

of rubber
produced.

General charges (salaries, allowances, quit rent, Iios-

pilal, contingencies) 2-31d.

Cultivation charges (weeding roads, drains, sup-
plying, pests and diseases, etc.) l-85d.

Upkeep of buildings 0-23d.

Rubber manufacture:
Tapping and scrapping 3-93d.

Curing 0-48d.

Packing 0-33d.

Marking, utensils, transport, etc 0-47d.

Duty l-19d.

Manufacture—total 6-35d.

Total working charges 10-74d.

Per lb.

Total charges : of rubber.
Fixed 2-OOd.
Working 10-74d.

Total 12-74d.

To place the rubber on the European market a fur-

ther 3 3od. (freight, brokerage, etc.) must be added,

making- a total of i6-04d., or is. 4d. per lb. The
product from particularly well placed estates may be

put on the European inarket at lod. to is. per lb.; on
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the other hand there is Httle doubt that a certain pro-

portion of the planted areas will not show any con-

siderable profit at less than is. 6d. to 2s. per lb.—or

more.

METHOD OF MANUFACTURE.

The following essential desiderata should be aimed

at (i) Collection of maximum amount of latex with

minimum amount of injury to the tree. (2) Absolute

cleanliness of collecting and transport vessels. Metal

containers should be avoided, glass, earthenware or

enameled collecting cups, pails, etc., being pefer-

able. Bare metal certainly affects the color and possi-

bly other qualities of the finished rubber. (3) The
latex to be strained or filtered as soon after collection

as possible, so that all mechanical impurities may be

removed without delay. (4) To restrict, as far as

possible, the formation of "bark scrap."

Coagfulation and Curing.—The method employed in

coagulating the bulk of the plantation rubber con-

sists, substantially, in the addition of a small quan-

tity of acetic acid to the latex after the latter has been

strained and preferably reduced to a certain rubber

content by mixing of various batches, or by dilution.

In most cases, just sufficient acid is added to render

the liquid neutral or faintly acid to litmus. After the

coagulum has formed it is removed from the mother

liquor and passed through the washing rolls, from

which the rubber emerges in the form of crepe, and

if this form of rubber is required it passes direct to

the drying sheds. If sheet is required the crepe is

passed through a sheeting machine, which consists

of rolls revolving at even speed. Intermediate grades

obtained by subjecting wet crepe to the action of even

speed rolls are also turned out. In the manufacture

of biscuits, now only produced in relatively small

quantity, the latex is directly coagulated in circular

pans or basins.

"Worm" and "Lace" rubbers are also produced by

passing the coagulum through appropriately designed

rolls or dies. In some cases where it is desired to pro-

duce rubber of very light color, the crepe or sheet is

passed, before it goes to the drying rooms, through

water heated to about 180° F., a process due to Mr.

Kelway Bamber, who discovered that Hevea latex

contains an enzyme which causes the darkening of the

rubber, and which can be destroyed by heating to the

temperature mentioned. This does not apply to all

other latices. Freshly coagulated Funtumia rubber is,

for instance, perfectly white and may be boiled for a

long time with water, but nevertheless darkening sub-

sequently takes place. In the drying rooms the rub-

ber is placed on perforated shelves, or as in the mod-

ern practice, is hung from racks. In all modern dry-

ing houses provision is made for passing a current of

warm air through the same. Partially dried air is

preferable, but it is doubtful whether any drying

process for this purpose is economical. Another

method of drving is bv means of the vacuum drver.

in wliicii rubber may be dried in almost as many hours

as it takes weeks in the ordinary fashion. It has

been said that the vacuum dried rubber is not so sat-

isfactory as air dried, but where inferior results are

noticeable, they are probably due to imperfect meth-

ods of applying the vacuum. Thick crepe is gener-

ally prepared by passing several layers of the thin

crepe through the rollers simultaneously. Block rub-

ber is prepared from crepe by subjecting it to pressure

in a hydraulic press while it is still warm from the

vacuum dryer.

Other coagulants than acetic acid are occasionally

used and there are various modifications of the other

processes referred to, but substantially the above gives

in outline the essential features of the production of

Para plantation rubber.

Other Varieties.—With regard to the preparation

of varieties other than Hevea on the plantation sys-

tem, such differences as occur in the methods em-

ployed are the result of the fact that the inherent

properties of different latices vary considerably, and

it is therefore necessarj' to modify the method of

coagulation. It may be suggested that this is perfectly

obvious, but as a matter of fact, much trouble has

been caused by efforts to apply to different latices

methods which have been favorable in the case of

Hevea.

Guayule Rubber.—The production of rubber from

the Guayule shrub (Parthenium argentatum) is of

particular interest, because the problems involved are

more intricate than those dealing with the production

of rubber from ordinary latex Ijearing plants, and also

because guayule is produced on a very large scale, the

amount manufactured during the last year being esti-

mated at roughly 4,000 tons. The Guayule shrub,

which prefers an altitude of from 4,000 to 5,000 ft.

is distributed unevenlv in a belt of territor}' from one

to a hundred miles in breadth extending roughly from

Ft. Stockton in Texas to the Tropic of Cancer in

Mexico. In this shrub rubber occurs in solid parti-

cles dispersed through the mass of the woody fibre.

According to M. P. Fox the wood contains from 6 to

18 per cent of rubber, a similar quantity of resin, and

about 10 per cent of extractive. Two processes are

employed to separate the rubber from the wood, one

consisting in extracting the rubber by means of sol-

vents, and the other, which consists in disintegrating

the woody mass in such a manner as to separate the

rublier ; a combination of the two processes is also

employed. Two main grades of Guayule are pre-

pared, one containing about 30 per cent of resin, and

the other, from which part of the latter has been ex-

tracted, containing about 3 per cent of this impurity.

Since the extraction of rubber involves the destruction

of the shruli it is estimated tliat within four years

from now practically the whole of the standing shrubs

will have been destroyed. For the period 1906 to

1909 some 17,000 tons of rubber were prepared from
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Guayule, wliicli corresponds on a 7 per cent basis

(for wood containing- 25 per cent of water) to rough-

ly 328,000 tons of shrubs.

l'UTL"Kl£ 01-" THE CRUDE lUlUlEU IXUUSTRV.

It is perfectly clear that within a measurable period

the crude rubber industry will have undergone a com-

plete change. I believe that within a very few years'

time the manufacturers will refuse to have anything

to do with any raw material that is not perfectly clean

and practically dry. Therefore the bulk of the wild

rubber in the market will have to be prepared in a

diiTerent manner, or it will be unsaleable. It has al-

ready been shown in various parts of the world that

the plantation system may, under favorable circum-

stances, be applied to wild trees, and it seems likely

that in time the system of rationally working wild as

well as planted trees will be extended over favorable

areas. This involves expense in the way of cutting

roads and paths, and making arrangements necessary

for the transports of latex or rubber bearing wood to

central stations. It is obvious that only such areas can

be worked as those on which the trees occur in fair

number. Probably the most difficult question involved

is that of labor. The drawbacks to the rational work-

ing of wild rubber are considerable, but on the other

hand there are advantages, \\hile it is frequently as-

sumed that the first class of rubber to disappear under

the stress of competition will be the inferior African

grades, I am by no means sure that this will be the

case, because on the whole, the question of labor is

not so acute in most of the African rubber zones as

in South America, and there are already signs that

those interested in the West Coast, the Congo, etc.,

will take the necessary steps to improve the quality, of

the rubbers from these regions. With regard to the

Para grades, the labor problem appears to be a very

serious one, and in view of this, and of the extremely

unhealthy climate, it is difficult to see how the .\mazon

valley is indefinitely to maintain its superiority as a

producer. Certainly the opening up of the vast for-

ests of Brazil involves the overcoming of apparently

insuperable difficulties. The third factor—taking

planted and ordinary wild rubbers as the two others

—

in the crude rubber problem, is the preparation of

pure, high class rubbers from inferior, naturally res-

inous grades by chemical or other processes. That

enormous quantities of resinous rubbers are available

is well known. That it is possible economicaly to

purify resinous rubbers appears to be proved beyond

doubt by the Gua}ule industry. I think there is a

great future for the subsidiary industries which are

likely to arise in this direction.

Chemistry of Crude Rubber, and the Question of

"Synthesis."—According to the classical work of Har-

ries, india-rubber is a ring compound, namely

:

CH3C CH, CH, CH
CH.CH, CH, CCH,

that is a polymer of 1.5 dinicthyl-cyclo-octadiene.

I have already referred to the fact that according to

the work of Harries, this polymer exists in at least

two isomeric modifications. Although there is no ap-

parent flaw in the chain of Harries' chemical reason-

ing, one is face to face with the fact that india-rubber

has on several occasions been synthesised from iso-

prene by observers whose work must be regarded as

beyond doubt. The synthesis by Euler of isoprene

makes it apparently certain that this compound pos-

sesses the structure

:

CH^ :C(CH3).CH:CH,.

To reconcile Harries', Euler's, Tilden's and Bou-

chardat's work it is necessary to assume that the open

chain compound isoprene in polymerising forms a

ring compound, and that at the same time a somewhat

unusual intramolecular rearrangement of linkages

takes place. At the present there appear to me to be

two main lines of work which are worth following up

in this connection, firstly, the synthesis from isoprene

and, secondly, that from laevulinic acid or its deriva-

tives. If, as is anticipated, ruljber can be obtained

ultimately, in practically unlimited quantities, from

the plantations and other sources at is. to is. 6d. per

pound, no synthetic process which works at any appre-

ciably higher figure is likely, in the long run, to prove

a commercial success. Briefly put. the chemist must

be able to produce rubber at something like is., other-

wise the synthetic product cannot come to stay ; such

a price does not leave a great margin in the choice of

raw material or cost of production. Synthetic indigo

is frequently mentioned in discussions of the synthetic

rubber problem, but the comparison is misleading

from every point of view, but mainly because the low-

est price at which natural indigo can be prepared is

relatively speaking a very high one. With regard to

the synthesis from isoprene. the problem appears to

be the production of this substance at a very

low cost, for it appears to be not unlikely

that a satisfactory conversion of isoprene into

rubber will ultimately be achieved. Another fac-

tor which may complicate the scientific prob-

lem is that it is necessary to produce not only a defi-

nite chemical substance, but that, in addition, this

substance should have certain definite physical prop-

erties. It is, however, possible that these problems

may be found to overlap. The dift'erences in regard

to mechanical strength which certainly exist as be-

tween dififerent species and also as between rubbers

of the same species prepared in diiTerent ways or

derived from dififerent localities, both in the case of

the crude and the vulcanized articles, have not yet

found a satisfactory explanation. In this direction a

great deal of useful work mav well be done.

THE M.A.NUFACTURE OF RUBBER GOODS.

The main processes employed in the manufacture

of articles from crude rubber are still largely empiri-

cal, partly because the industry is comparatively
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young and partly because the principles governing

manufacture are by no means clearly defined.

The india-rubber article in the process of manu-

facture is subjected to a series of operations which

are briefly as follows : First, the crude rubber as it

arrives at the factory must be purified, and this is

done b}f the process called washing. The washed rub-

ber is subsequently dried. If ordinary "mechanical"

goods are to be made the next process is that of mix-

ing. This consists in incorporating with the rubber

the necessary quantity of sulphur and filling mate-

rials. The next step as a rule is that of calendering:

this consists in rolling out the well mixed and homo-

geneous dough to sheets of the required thickness.

The calendered material passes next to the making-up

table where it is cut to suitable sizes either for the

hydraulic vulcanizing press or prepared for the molds.

The next process is that of vulcanizing, which con-

sists substantially in subjecting the calendered dough

to combined heat and pressure, or heat only, in the

press, in a mould, or in the open. In the case of man-

ufacturing solid tires the rubber is not first calendered,

but the well mixed dough is forced through an appro-

priate die. The same applies to squirted tubing. In

the case of elastic thread the rubber is mixed with

flowers of sulphur and "let down" with a solvent and

the mass so obtained spread or calendered onto cloth.

The above remarks refer to goods which are made

by the hot process of vulcanization. There is, how-

ever, a large class, such as articles made from cut

sheet, waterproof goods, and broadly speaking, all

articles in which the rubber layer is very thin, which

is prepared by the cold process. In this method the

riiblier is not first mi.xed with sulphur and then ex-

posed to heat, but is subjected, in the form of a thin

layer or sheet, to the action of a dilute solution of

sulphur chloride in a suitable solvent or to the action

of sulphur chloride vapors. The cold process cannot

be applied to goods of any thickness because the

action of sulphur chloride is so powerful that by the

time the interior of a piece of rubber of any thickness

is properly cured, the outer portions are over vul-

canized.

SUBSTITUTES AND RESIDU.\LS.

Substitutes.—Although in the proper sense of the

term no substitutes for india-rubber exist, there is a

class of sub.stances which is known in the industry as

"substitutes" produced by vulcanizing vegetable oils

such as colza, rape, maize and cotton-seed oils, either

in the cold with sulphur chloride or hot with sulphur.

Substitutes produced by the cold process are generally

known as white substitute, those by the hot process as

1)rown or French substitutes. They have been pro-

duced on a considerable scale for certainly 40 years

and a goodlv number of patents has been taken out

in connection with their manufacture. As the price

of these substitutes varies from about y/k\. to gd. per

lb. their use effects a considerable saving in the cost

of the rubber article in which they are incorporated.

They are employed in order to cheapen the cost of

production, and wliere the goods to be produced are

of low specific gravity. The advantage of the sub-

stitute over mineral fillers is that the plasticity of the

mixing is not afifected to any extent, although the

strength, wearing qualities, and elasticity are naturally

much influenced. White substitute (which is the more

expensive) is generally employed only for cold cured

goods, but the brown may be employed for either.

Many other substitutes have been suggested and some

are used on a considerable scale, particularly in cable

mixings. Gums. Ijitumen. vulcanized bitumen, ni-

trated oils, nitrated celluloses, ceresin, etc., etc.. all

find their sphere of utility in cable mixings, in insu-

lating materials, valve rings, and so on, but a true

rubber substitute has yet to make its appearance.

Residuals.—An enormous quantity of waste rubber

finds its way into the market. If we assume that the

crude rubber employed in the manufacture of goods

in the British market yearly amounts to 12,000 tons,

and that this reappears in the shape of finished rubber

articles containing on the average perhaps not more

than 30 per cent of rubber, it is plain that there must

be something like 30,000 to 40,000 tons of waste rub-

ber annuallv. The waste rubber industry is an im-

]x)rtant one in itself and a special organization exists

for the collection of this material. Broadly speaking,

waste rubber is utilized in one of three ways: (a) It

is ground up ( where the article permits of such sim-

ple treatment) and used direct in the ground state by

the rubber manufacturer in his mixing for the cheaper

varieties of goods, (b) It is subjected to one of the

reclaiming processes which substantially consists in

freeing the rubber from fibre, dirt and particles of

metal, and subsequently removing as much as possible

of the free rubber and non-rubber substances ; and

(c) the rubber is submitted to a re-forming process,

the reforming being understood a process which cm-

ploys substantially only heat and pressure.

Reclaimed Rubber.—In the old reclaiming process-

es the rubber was ground, the metal particles and

vegetable fibre removed, and the mass then heated

together with mineral oil and subsequently rolled out

into homogeneous sheets. By this process no sulphur

was removed. The newer processes all involve wet

treatment and the removal of sulphur. Some of the

reclaimed rubbers so made are of remarkably good

quality ; indeed, the better varieties, which are made

from the best qualities of scrap, fetch appreciably

higher prices than some of the inferior crude rubbers.

In the oldest of the wet processes fibre is destroyed

by means of sulphuric of hydrochloric acid, part of

the mineral matter also being removed ; the process is

chiefly suitable for lightly cured scrap, such as that

from proofed goods, as very little sulphur is removed.
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In the alkali process, which is the one most generally

a(lo(>teil h\' larije works in the United States and the

I'liiteil Kine,doni. the scrap is first sorted, ground.

metallic particles removed by magnetic separation, the

groinul rubber shaven in perforated trays to get it in

an evenly divided state, and subsequently heated imder

pressure in iron vessels with alkali, washed and

sheeted. It is claimed that in this way the whole of

the free stdphur is removed. Another process is that

in which neutral sulphites are employed for the re-

moval of sulphur. A number of reclaiming processes

have been proposed (some of which are, I think,

working), in which, after mechanical cleaning, the

whole rubber mass is dissolved in a suitable solvent

:

these solvents are generally of a neutral character and

of high boiling points (petroleum, terpineol, etc.).

From the solution so obtained the rubber is precipi-

tated by means of a non-rubber solvent, such as alco-

hol. I have not personally come across any reclaimed

rubl>er which does not still contain a very considerable

proportion of sulphur.

Re-formed Rubber.—During the past few years a

number of patents have been taken out by Gare, Im-

misch and oth.ers for processes which effect the direct

production of moulded articles from ground or flaked

scrap mainly by means of heat and pressure. Ex-

ceedingly good results are obtained in this way, and

it is remarkable that this simple method of dealing

with '"mechanical" scrap was not discovered at an

earlier date. The fact remains, however, that parti-

cles of vulcanized rubber in the shape of dust flakes

can be moulded by pressure and heat to a homogene-

ous mass, which on cooling, is to all intents and pur-

poses indistinguishable from an ordinarv moulded ar-

ticle.

DEVELOPMENTS IN PAINT AND VARNISH
MANUFACTURE.-

There are two gypsuin factories in the Argentine

city of Cordoba, which, in view of the introduction

into that community of electric power and a reduction

in freight rates from there to Buenos Aires, promise

to compete favorably with the gypsum imported from

foreign countries. The cost of manufacturing gyp-

sum per 1.000 kilos (2,204.6 lbs.) is shown to be as

follows (in United States gold) : Quarrying the

stone, $2.12; shipping to the kilns, $2.46; manufac-

turing, $2.97. The profit per 1,000 kilos is figured at

$1.36.

The annual report of an artificial silk factory near

Frankfort. Prussia, according to a U. S. Consular Re-

port, shows a clear loss of $346,052 for 1910. This

same company in former years paid as high as 35 per

cent. Shares, which at one time brought as hi.gh as

$133 on the local stock market, have been as low as

S23 and are now selling at $30. The price of artificial

silk has dropped 60 per cent in the last few years, be-

ing now $1.20 per pound.

By EDWARD C. HOLTON.f

Fifty years ago the paint and varnish industry of

this country was in its infancy and was under no

scientific control whatsoever. Even 25 years of ago

the paint and varnish manufacturers who einployed

technical graduates as engineers or as chemists were

the exception rather than the rule.

Conditions have greatly changed and today some

of the larger companies have so branched out, in

their attempts to provide themselves with raw ma-

terials of iTiore uniformly good qualities, that they

now have geologists, mining engineers, electrical en-

gineers, mechanical engineers, chemical engineers,

metallurgists and chemists constantly employed in

looking after the various branches of their business.

Even the smaller companies must inake occasional

use of the mechanical engineer and the electrical

engineer, and since the recent activity amongst the

State and Federal law makers, the chemist has be-

come well nigh indispensable.

The mining, milling and transportation of lead

and zinc ores from the mines to the stnelter calls

for the employment of the various engineers, but

the analytical chemist or assaycr must always be at

hand. At the smelter the metallurgist or chemical

engineer assumes charge of operations but he de-

pends on his chemist.

The mining and milling of iron oxides, ochres,

siennas, umbers, graphites, barytes, silicates, etc., are

mechanical operations and are often carried on in

a xerv crude manner, but somewhere and at some-

time before the product is sold it is examined and

rated by a chemist.

In the manufacture of the .so-called ''chemical'"

and "lake" pigments, chemists and chemical engi-

neers are indispensable. Many of the older and

better knowi) pigments have been made for so many
years that they could be made without the aid of

trained chemists but the margin of profit is so small

and the opportunities for losses and waste so great

that the manufacturer can afford to be without a

chemist. The development of organic chemistry has

been marvelous, and to it the paint manufacturer is

greatly indebted.

Many of the fast to light analine, tollidine, anisidine

naphthylamine and other lake pigments which were

unknown or if known were laboratory curiosities 25

years ago are today being made in American color

plants to the extent of thousands of tons per annum.

The intermediate organic compounds which enter

into these lake pigments are still largely imported

from Germany. The mineral bases on which they are

built are mostlv of American manufacture an<l the

•Paper presented before the Congress of Technology at the

.50th Anniversary of the Granting of the Charter of the Massa-
chusetts Institute of Technology.
tChief Chemist, The Sherwin-Williams Co., Cleveland, Ohio.
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diazotizing and combining of the organic compounds

with each other and the mineral bases are gene-iMy

under the direct supervision and control of chem-

ists and cher.-iical engineers trained in Aniericnn

.schools.

Although much progress has been made in the

manufacture of pigments, still more remain- to be

done. The field is a broad and interesting one and

will offer opportunities for chemists for many years

to come.

If the paint manufacturer of today were merely

a mi.xer and grinder purchasing from others all pig-

ments and vehicles which he uses, even under such

conditions, he would be forced to maintain a chemi-

cal laboratory at his own plant or be in close touch

with a commercial laboratory. If he did not do so

he would not know the composition of his own man-

ufactured products and would be liable to fine and

imprisonment for unconscious violation of State and

Federal laws.

The preparation and manufacture of paint ve-

hicles is increasing enormously in kinds and in quan-

tities, and presents an ever broadening field for the

employment of chemists and chemical engineers. The
lumbering of our Southern forests with attendant

decrease of supplies of gum spirits of turpentine and

consequent increase in price has brought about the

recovery of wood spirits of turpentine from the waste

logs, stumps and sawdust. It has also brought about

the use in much larger quantities of coal tar dis-

tillates and petroleum distillates as substitutes for

spirits of turpentine. Here again chemists and en-

gineers have worked out processes of distillation

which furnish products far superior to that which

were on the market some years ago.

About 15 years ago China began supplying us in

a small way with tung oil, and today its use is enor-

mous and we would hardly know how to get along

without it.

Two very poor fla.x crops have recently brought

about a world shortage iu linseed oil and chemists

in all countries have been busy in investigating more
thoroughly oils hitherto but little known, in order

that they may be used as substitutes for linseed oil

if of value, and on the other hand may be detected

and identified when so used.

A few years ago the art of varnish making was

clouded in mystery. Varnish makers taught their

sons or favorite helpers all they had learned from

their predecessors and by their own experience. Lit-

tle by little they absorbed information given to them
directly or indirectly by chemists, and profited by it,

but rarely did they give anything in return. Today
the varnish maker's attitude toward the chemist is

rapidly changing. He recognizes the fact, which he

is not always ready to admit, that if he would progress

in his craft he must seek aid from the chemist. In

many plants the chemist and varnish maker are

working harmoniously together with the result that

rapid advance is being made.

Of late years a great deal has been written and
said about the chemical engineer. This is an engi-

neering age and the chemical engineer is beginning

to come into his own, and his future is bright.

However, it should not be overlooked that if the

chemical engineer is not first and foremost a chem-

ist, he might better avoid the use of the term "chem-
ical." A man well trained in general chemistry with

some skill as an analyst and synthesist, and with

an active imagination, is fully as well equipped to

advance the cause as a chemical engineer who has

little knowledge of chemistry. Some chemical en-

gineers are needed, and they are greatly needed, but

there is even greater need for many well trained,

thorough anahtical and svnthetical chemists.

A NOVEL METHOD OF OBTAINING PURE
OXYGEN.

The chemical laboratory of the National Bureau of

Standards recently had need of a large quantity of

]iractically pure oxygen gas in carrying out certain

work. The method of obtaining this gas is described

in the Scientific American as follows: This gas was

prepared in one of the physical laboratories of that

institution by the electrolysis of water. The po.-itive

electrode was suspended in an ordinary round quart

Ixittle with its bottom removed. This bottle was pro-

vided with a hollow metal stopper which formed part

of the electrical connection between the positive elec-

trode and the outside main. The electrolytic appa-

ratus was placed outside the building, and as the hy-

drogen given off at the negative pole was not needed,

it was allowed to go to waste.

The oxygen gas escaping through the hollow stop-

per under a pressure of only a few inches of water

was conducted through a long copper tube to a puri-

fier containing platinized quartz. Although this puri-

fier was used constantly no impurities were found in

the gas. From the purifier the gas was conduct^tl

through a valve-head to a two-liter cylinder of heavy

brass lined with nickel. This cylinder was suspended

in a bath of liquid air at atmospheric pressure. Fresh

made liquid air boils at about 9° C, lower tempera-

ture than oxygen, and this difference was sufficient to

cause the oxygen to liquefy. AMien the brass cylinder

was filled with liquid oxygen, the current was shut oft'

from the electrolytic apparatus, a common steel flask

was connected up with the valve head, the liquid air

l>ath removed, and the liquid oxygen at once began to

vaporize owing to the heat received from the sur-

rounding atmosphere. When the ,gage on the valve-

head indicated sufficient pressure the valves were

closed, and another flask was substituted for the filled

one. The oxygen thus obtained was found more than

99.9 per cent pure. It will be seen that oxygen pro-

duced in this way is as near absolute purity- as is pos-

sible. It is an expensive process, however, and can-

not compete with the liquid air rectification process.
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RELIABILITY OF MATERIALS.*

By WALTER C. FISH.*

The selection of this subject, which is overwhehn-

ingly broad, is a reflection of admiration for the

progress which increased reliabihty lias afforded the

industrial arts in their attempts to better supply the

general needs of the community. \ precise treat-

ment should prominently deal, among other things,

with statistics involving and contrasting the varia-

tions in performances of industrial materials and the

scientific cause and cure of errors in them, but as

such treatment, except narrowly, is impossible with-

in the scope of these lines, I have prefrred to pro-

ceed in a much fnore general fashion and with par-

ticular reference to some of the principle factors on

which reliability depends. This unscientific treat-

ment is less justifiable on this 50th anniversary of

the Technology we honor if it fails in suggestion of

the debt we owe our technical institutions and their

product. In ordinary discussion, some such prac-

tical question as this might be asked : Do we, in

the common aft"airs of life, individually and as a

community, suffer marked delay, loss, or discomfort,

because of failures of materials when rationally

handled, or more simply, do our materials render the

service we have the right to expect from them ? It

seems to me a fair answer to this question and one

arising from common experience is that sucli dis-

comforts and losses are relatively trivial if we omit

those due to the deliberate and usually unwise use of

materials for which reliability should not be claimed

and from which it should not be expected—a social

and economic question which is not herein consid-

ered—and if we omit the occasional faults of ma-

terial in initial commercial development.

We travel at increasing speeds in heavier trains,

wide rivers are spanned and harbors tunneled, high

buildings are erected, intricate mechanisms serve us,

and all such common things of today are done with

a high degree of reliability from the view-]x>int of

the public. Correct design requires and concerns the

interpretation of our natural laws and their expres-

sions, and among these are the characteristics of our

materials and that the skilled engineer is enabled to

surround us with the facilities we enjoy is general

proof of the enormous fund of exact knowledge

'Paper presented before the Congress of Technology at the
50th Annivers.iry of the Granting of the Charter of the Massa-
cinisetts Institute of Technology.
tManager. Lynn Works. General Electric Co., Lynn. Mass.

which science has already given for our safety and

comfort.

If it be admitted that the public can view with

some complacency the service it obtains from the

materials more commonly employed, at least, it is

none the less true that such results are far from easy

and automatic in accomplishment, so to speak.

When we enter behind the scenes and into our in-

dustries, we shall find that even those materials which

by every good reason should be dependable become

the source of loss, and that constant vigilance is

necessary to insure the reliability we seek. While

such losses may not be commonly large in percentage,

it is certain that in the aggregate and over all indus-

tries the economic waste is huge, and the elimination

of the causes of such losses directly concerns not

onlv the pocketbook, but also the safety, of the pub-

lic, since undetected error Ijccomes a cause of danger.

What then are some of the principal causes of these

losses, and how can they be lessened ?

When our scientific facts in any case are sufficient-

ly well established, it is axiomatic that the common
cause of loss is that which comes from imperfect

skill in manipulation and direction. This statement

is made with full appreciation of the splendid work

of our skilled American artisan, so far as he is con-

cerned, but it is none the less true that there is gen-

eral failure to realize the opportunities for more pre-

cise and intelligent effort on the part of the individ-

ual. If we are to generally increase the uniformity

of production, our industries must, in one way or

another, provide themselves with more operations

and methods which are beyond the likelihood of

harm from human agency, or the standard of skill

throughout our industries must be raised. Some
operations may exist which may well be perfonned

by so-called unskilled labor, but all manual opera-

tions permit some degree of dexterity, and most can

be greatly enhanced in value by increased skill.

This is a portion of the doctrine of the exponents of

"efficiency" and "scientific management," who are

stimulating splendid thought, but as we are occa-

sionally a volatile race and easily pass from the

threatened industrial invasion of Europe of a few

years ago to a hysterical cry for increased efficiency

—over night, so to speak—there is danger that the

public—and we all are to be reformed as an essential

part of the program—will overlook the time re-

quired for any real national change in mental atti-

tude and disposition. A fundamental difficulty today,
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closely concerning the subject, is that too large a

proportion of those annually entering the industrial

army are quite prepared and content to undertake

and continuously perform minor operations. This

is a serious problem which society is not adequately

solving. In such matters our progress will bear a

distinct relation to the sane forces increasing the op-

jxjrtunities and intelligence of our present and, par-

ticularly, of our rising generation. The importance

of skill and the good which may come from it is not

sufficiently emphasized at any stage of life.

A further opportunity to lessen unreliability is

opened by a better appreciation and use of existing

knowledge and experience. Such impetus has been

given scientific research by reason of the practical

value of its own productions and so many facts of

recent acquisition result therefrom, that the pro-

ducer, unorganized to ascertain and use such facts,

will continue to repeat the errors of the past, from

which often all mysteries of cause might be lifted.

The skillful framing of specifications for the control

of methods and the selection of materials is by no

means new, but it is a function of increasing difficulty

and importance if the community is to be better

served.

The evolution of new materials is constantly pro-

ceeding and surrounds us. There are perhaps one

hundred so-called elements of nature with which to

deal, and under the pressure of the chemist and met-

allurgist new combinations of these elements are

passing as new materials into public service with

such frequency that few, outside of the particular

field of their own activity and save in exceptional

cases, realize the progress. It is often true that

these new combinations are replacing in character,

and with slight changes in composition omit or coun-

teract the causes for unreliability in their predeces-

sors. Others appear with totally new characteristics

and permit new arts. Even the pure elements of

nature under the touch of our research laboratories

continue to unexpectedly pass into the ranks of use-

ful and reliable materials. \'ery recently, the ele-

ment tungsten, as a pronounced example, had not

value when used alone. It was a worthless and un-

workable metal unless alloyed. The proposition to

produce from it a ductile and tenacious wire might

naturally have excited ridicule, but today such fabri-

cation has been accomplished, and tungsten wires

for incandescent lamps are used to great economic

advantage and increased satisfaction, and such re-

sults, of course, are practical measures of reliability.

The element boron has recently been separated and

found to possess characteristics of such possible value

that in due t'me it may find important uses. If we
consider unii\^~^ity of performance to be the cri-

terion of reliability, this mere evolution of new ma-
terials might appear to have no direct bearing on the

subject, but as no such work can be intelligently un-

dertaken and accomplished without adding to our

existing knowledge of materials and their chiiracter-

sitics, there is, after all, a close relationship.

Furthermore, the unwise and premature exploita-

tion of these new materials from time to time is a

cause of loss which is seldom excusable. Some ma-

terials, like mankind, unexpectedly take oa infirmi-

ties with age and service and from causes which are

not yet understood, but it is a function of the manu-

facturer to determine all practical characteristics of

his new materials before public service i» undertaken,

and this lie can generally do. The public itself, by

its premature desires, is at times at fault. To obtain

some new facility or pastime it penr.its itself to be

transformed into a great testing laboratory, and at-

tempts the use of undeveloped me^-Jhanisms and ma-

terials. Such public demand. h-)wever, stands for

speed in accomplishments. The automobile of a few

years ago was a pronounced illustration of prema-

ture exploitation, but, to its cre,dit, it forced the de-

velopment, not only of principles of design, but of

the production of more reliable materials without

which the art could not ^afelv proceed. The same

public desire has existed for increased speed of trans-

portation, and the sanity with whicji this desire has

been met, though involving problems of great diffi-

culty, is shown by the relative absence of accidents of

transportation due to failure of material.

If I have not attempted within these limited lines

to recite in precise fashion specific measurements of

reliability and unreliability, it was to better suggest

the good to come to us by the collection, diffusion,

increase and use of scientific facts. It was for such

purposes, among other things, that the wonderful so

called Alexandrian Museum was founded some 2,200

years ago. Few deliberately concern themselves now-

adays with Schools of Philosophy and Thought, but

it is interesting to quote the scientific methods as they

then and there existed, and to suggest that the par-

tial hiatus in those methods over a period of cen-

turies was perhaps responsible for a halt in the

benefits coming from applied science,

"The essential principle of the Aristotelion philos-

ophy was, to rise from the study of particulars to a

knowledge of general principles or universals, ad-

vancing to them by induction. The induction is the

more certain as the facts on which it is based are

more numerous ; its correctness is established if it

should enable us to predict other facts until then un-

known. This system implies endless toil in the col-

lection of facts, both by experiment and observation

;

it implies also a close meditation on them."

We should be a nation of blood and brain, and

such organisms may resist suddenly applied pressure

and demand the exercise of patience. Molecules and

atoms are pliable to the hands of the scientist and can

continue to be forced to rapidly enhance the condi-

tions of life.
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THE CORROSION OF BRASS FOUNDRY
PRODUCTS.'^

By WILLIAM VAUGHAN.f

Many of us no doubt luive hail our <i\\n experiences

with the rusting of iron and steel, the leaking of steam

and water pipes and the corroding of the various

alloys of copper. The problem is continually arising

:

what composition or alloy under given conditions will

offer the strongest resistance to these corrosive forces.

Comparative tests under the exact conditions of ser-

vice afford the most valuable information, but in most

instances the expense of such tests and tlie length of

time necessarily involved are prohibitive. We are

therefore forced to obtain a solution of this problem by

some quicker and simpler means.

The term "corrosion" we may define as "the effects

produced upon a metal by the combined action of air

and water, with or without the stimulus provided by

the various impurities in the water or in the atmos-

phere"'. These corrosive eft'ects are explained on the

basis of: (i) Chemical action alone; (2) Electro-

chemical action, which may be caused by stray elec-

trical currents from an outside source or by galvanic

action due either to included impurities or to the vary-

ing proportion of the dift'erent elements constituting

the alloy.

The main difterence between two actions is in in-

tensity ; the corrosive action itself is practically the

same in both cases, unless abnormal results are pro-

duced by high current densities. Effects that take

months under the first can be accomplished in six or

eight hours by the second. By accelerating the chem-

ical action by an electric current, we have therefore a

comparatively simple method of determining the rela-

tive resistance to corrosion of the various metals.

The relation also between corrosion and the consti-

tution ; that is, crystallographic structure, of an alloy

is very marked. Shepard & ISlough found that when
alloys of copper and tin were annealed to equilibrium

between 200*^ C. and 400° C. (Figure 10 1, there ap-

peared five solid phases. The series of solid solutions

from 100 per cent to 87 per cent of copper consists of

alpha crystals. From 87 per cent to 74.5 per cent

copper there are varying proportions of alpha and

beta crystals. From 74.5 per cent to 67 per cent the

beta crystals alone exist. Between 67 per cent and

61.3 per cent copper there is a mixture of the com-

pound Cu.jSn with the beta crystals; from 61.3 per

cent copper to 41 per cent, a mixture of the compound

CugSn and gamma crystals; from 41 per cent to 40
per cent copper, the gamma crystals only, and from

40 per cent to o, pure tin and gamma crystals coexist.

From this we see that there may be a radical change

in the crystalline structure of an alloy with a very

small change in composition. It is easy to understand

•Paper presented before the American Brass Founders' Asso-
ciation.

tWitli Arthur D. Little, Inc., Chemists and Engineers.

then whv the same alloy in the same solution, but

varying slightly in composition, may be affected so

dift'erent! v. l^or example, in changing from a bronze

made iq) wholly of alpha and beta crystals, to one

consisting of a mixtm-e of the compound Cu^Sn and of

beta crystals, we have a change from a corrosive alloy

to one that is Init little aft'ected by a sulphate solution,

or change from an alloy made up of the compound,

Cu3Sn and of beta crystals to one of pure gamma
crystals, and we change from an alloy that resists

corrosion to one that is easily aft"ected. A knowledge

of the crvstalline structure therefore aids in under-

standing wh\- alloys of slightly dift'erent composition

mav corrode .so differently under similar conditions.

The methods of studying the corrosion of dift'erent

alloys which naturally suggest themselves are: (i)

^'isual observation; (2) Loss in weight method: (3)

I^oss in weight and the analysis of the corrosion prod-

uct. The first method consists of simply observing the

action of different solutions, whether acid, alkaline, or

neutral, on metals of different composition. This is

only a rough qualitative method and may be very

misleading.

The "loss in weight" method consists of weighing

the sample before beginning the experiment and again

at the end of the experiment, taking care to remove

all scale. The figures thus obtained give the loss of

metal by corrosion or the percentage of corrosion.

For example, practical experiments comparing the

corrosive effects on various alloys of sulphite acid,

such as is used in pulp mills, were carried out as fol-

lows :

The different alloys were placed on a piece of wood
in a small digester, covering with sulphite acid and

heated for three days at a temperature of 150° C.

The results obtained were as follows

:
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different salt solutions in the corrosion of different

alloys.

It may be of interest to compare some of these

effects as gathered from the data compiled by these

men, which is shown by the accompanying diagrams.

In the accompanying figures the ordinates represent

the amount of corrosion in grams and the abscissae

Alloys of copper and tin; copper and zinc; copper,

tin and zinc; and copper and aluminum were tested

ranging in composition of copper from 95 per cent

to 5 per cent.

The effect of electrolytic corrosion of the bronzes

was determined in 7 per cent solutions of sodium sul-

phate (NaoSOi), sodium nitrate (NaNOj), and so-

dium chloride (N'aCl), using a current of 25 milli

amperes; whereas the brasses were examined in nor-

mal solutions of these salts.

ti
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solutions do not became passive as they do in the As a practical example of overcomint,^ condenser
other solutions (Figs, i and 4). There is a continu- tube corrosion trouble, where salt water is used for
ous changing; in the amount of corrosion from 95 cooling purposes, we may cite certain experiments
per cent copper in the sample to the 5 per cent copper, carried out by us.

The amount of corrosion in the straight brasses r^ nr „ ^ • a-cc . 1 • j r ^ -l

^. „, . ,. ,,.,,. ,
^ On May is. 1909, nnie different kmds of tubes

(rig. S) in sodium chloride solutions decreases very ,. ii T- c ^ ^ . c / n
^ '^

. . - were installed in a surface condenser, twenty-fiye (2s)
rapidly with the decrease 111 copper down to about r r 1

•
i 1 • • » 1 • ^- 1 1

, , „ '
' of each kind being inserted in vertical rows and

the so per cent brass. Prom so per cent copper to , . 1 1 i u *• n 1 1 1 ^ .1 .
'

.
^

, ^
.-' ' . ^ ' , designated alphabetically by punch marks at the top

pure zinc the amount of corrosion remains practically r ^, ^, "
• ^ 1 i 1

' ^ ... . , -. of the row. Ihe remaining tubes in the condenser,
constant. On examining the corrosion product of r .. ,

' ,^ ^ ,-, / ,-,

, , r , • 1
some 3,400, were of admiralty metal (untinned),

the brasses of high copper content, gs to so per cent. > • ,1 r u • •,•

'

, , , . .
having the following composition

:

It was tound to be a heavy red scale which m most

cases was easily removed. The precipitate on the
Copper tO%

' ^ Zmc 29%
brasses of low copper content was pure white, mostly Tin 1%
2Jj^(.

1 lie tubes installed (2"j of each kind) were as follows:
No. of tubes Date of

\\ hen three-quarters to one per cent of tin was Mark. Composition. removed. removal.

added to brasses they behaved almost exactly like the -^ Copper 70%
; jj , / u ^'"'^ 29% 1 Sept. 5

pure copper-zinc. ( i in was only added to brasses Tin 1%
from 9S to so per cent copper.)

. „,. _ Tinned

T , . . ,

t-^ ^
, , ^ . , B' Copper 60%

In this connection the experiments made by Lincoln Zinc 40% None
on brasses using solutions of common salt, bath salt „^„ ^ Untinned

, • , • ,• , , , , ,
C" Copper 60%

and synthetic sea salt indicated that they corrotled zinc 40% None
practicallv alike and agreed with his former experi- Tinned with

.' , . % ,. , , . ,
pure tin

ments with solutions of pure sodium chloride. "D" Copper 60%
The amount of corrosion of aluminum bronzes ^'"'^ 40% None

„. •, ,, 1 1 •
1 , ,• J

Tinned with a
(l^ig. 9) 111 the chloride solution decreases some- mixture of 2

what irregularly, with the decrease in copper content P^rts tm and 1

r , ^ ' , part lead
from the 95 pc cent copper to 20 per cent copper, •£'•

pj,re copper 1 Aue 15

whence it rises rapidly to pure aluminum. Between Untinned 24 Aug. 21
,, i u ' 1

I ^L • "E" Pure copper 1 July 23
the 40 per cent bronze and pure aluminum there is Tinned 1 \u<r 1

no copper in the corrosion product. 1 Aug. 17

From these results we can compare not only the "q- Copper 85% ^^ '

"^

action of the same alloy in different solutions, but also
^^ „

Nickel 15%. None

the action of dififerent alloys in the same solutions.
Ziifc''*^'^ 33%, None

Take for instance the corrosion of the copper-tin Untinned

bronze in different salt solutions (Figs. i. 4. 7). It
'"

z?PP" g
| ]X*= ^

is apparent that this composition is affected more in Tinned 1 Sept. 6

the sodium chloride solution than in either of the P'' '

others. There is also a very striking difference in ^" ^" ^^^es the failure took place by severe pitting

the way the brasses (Figs. 2. 5. 8) act in different ^"^ grooves running lengthwise of the tubes. In

salt solutions. They are least affected by sodium sul-
""'^"y '^^ses small holes penetrated through the entire

phate. In the alum'inum bronzes (Figs. 3, 6, 9) there Hiickness of the tube. It will be noted that a large

is a marked similarity in the corrosion curves of the P^''^ of the failures were with tinned tubes, due prob-

different solutions ''^^y ^o the electrolytic action set up between the

A comparison of the different alloys in the same '"^tal and the tin wherever defects occurred in the

solution is interesting. Comparing the different alloys
'm coating.

in the sulphate solution (Figs, i, 2, 3) it is clear that These results bear out in a general way the deduc-

the copper-tin bronze (Fig. i) is the least affected, tions drawn from the laboratory experiments previous-

and therefore the best to use in a solution of this kind. ly described. The pure copper tubes were particu-

Comparing Figs. 3, 4 and 5. the corrosion in so- larly susceptible to corrosion, while the copper-zinc

dium nitrate, we still find the copper-tin bronze the tubes were much more resistant. The 60/40 and the

best metal to use, since there is practically no corro- 66/33 tubes showed practically no difference, which

sion between 75 per cent and 40 per cent copper would be expected as little difference in corrosion was

content. found by the "electrolytic method" previously re-

Figures 7, 8 and 9 show us that the aluminum ferred to between brasses of these compositions. The

bronze is affected the least in sodium chloride. This so-called "admiralty metal" appears to resist corrosion

bears out practical tests reported by Sinclair at the better than the other brasses and this too was indi-

Manchester meeting of the Institute of Metals in 1909 cated in the experiments, as the addition of a small

in which he found aluminum bronze the most resistant amount of tin tended in most cases to diminish the

to salt water. rate of corrosion.



28o THE CHEMICAL ENGINEER VOL. XIV. No. I.

The facts which we have presented indicate that

an accurate idea of the relative corrosion of alloys can

be obtained by laboratory experiments. A large

amount of experimental work still remains to be

done on the numerous alloys which are manufactured

today, but it is to be hoped that investigations will be

carried out to such an extent that in the not distant

future the employment of alloys which are rapidly de-

stroyed by corrosion will be due to carelessness or

w^illful intention and not to lack of proper information.

Percentage
of copper

in test.

95
8.5

75

_65

55
45
35
25

15

5

Percentage
of copper

in test.

9.S.6

86.6

83.6

73.4

60.3

51.3

47.6

22.6

10.5

3.1
•

Percentage
of copper

in test.

96.0

86.4

76.0

65.4

55.0

46.6

.35.2

25.0

1.5.1

10.0

Percentage
of copper

in test.

95

65

55
45
35
25
15

7

Percentage
of copper

in test.

93.6

86.6

83.3

73.4

60.3

51.3

47.6

22.6

10.5

3.1

CORROSION TABLES.
Bronze (Fig. 1).

Grams
Corrosion
in grams.
0.3787

0.1289

0.0416

0.0061

0.0037

0.0049

0.0410
0.1,579

0.2629

0.3707

Brass

Corrosion
in erams.
0.1184

0.1184

0.1177

0.1188

0.1214

0.1136
0.1132

0.1031

0.1094

0.1116

Aluminum

Corrosion
in grams.
0.3426

0.2945

0.1082

0.0703

0.0430

0.0401

0.0352

(1.0364

0.0408

0.0451

copper
corroded.
0.3638
0.1245

0.0400

0.0036

0.0030

0.0039

0.0126

0.0213

0.0224

0.0121

(Fig. 2).

Grams
copper
corroded.
0.1069

0.1012

0.0888

0.0845

0.0688

0.0357

0.0015

0.0010

0.0003

0.0002

Bronze (Fig. 3).

Grams
copper

corroded.
0.3220

0.2713

0.0667

0.0460

0.0196

0.0161

0.0134

0.0123

0.0114

0.0125

Bronze

Corrosion
in grams.

0.2528

0.2513

0.1143

0.0049

0.0037

0.0027

0.0491
1.7904

1.2990

1.0752

(Fig. 4).

Grams
copper

corroded.
0.2452
0.2471

0.1000

0.0038

0.0024

0.0032

0.0077

0.3783

0.1824

0.0433

Brass (Fig. 5).

Grams
Corrosion
in grams.
0.3091

0.3191

0.3173

0.3325

0.3452
0..3375

0.3504

0.2352
0..3316

0.4804

copper
corroded.
0.2877

0.2775

0.2645

0.2481

0.2105

0.1812

0.1516

0.0002

0.0228

0.0174

Percentage
of copper
corroded.

90.07

97.03

96.1

30.1

3.3

8.5

3.2

Percentage
of copper
corroded.

90.3

85.5

75.5

71.2

56.7

31.4

1.33

0.97

0.28

0.18

Percentage
of copper
corroded.

94.

86.01

61.7

63.0

43.00

40.14

38.08

33.79

27.94

27.71

Percentage
of copper
corroded.

97.0

92.0

98.2

15.7

21.7

14.0

4.3

Percentage
of copper
corroded.

95.2

86.9

83.4

75.2

61.0

53.7

43.2

0.0

6.8

8.6

Percentage
of copper

in test.

9(3.0

86.4

76.0

72.4

.55.0

45.6

35.2

25.0

1.5.1

10.0

Percentage
of copper

in test.

95
85
75
65
55
45
.35

25
15

5

Percentage
of copper

in test.

93.6

86.6

83.3

73.4

()0.3

51.3

47.6

22.6

10.5

3.1

Percentage
of copper

in test.

96.0

86.4

74.8

58.8

57.9

45.6

35.2

26.0

1.5.0

-1.5

.\luminum

Corrosion
in grams.
0.2498

0.2409
0.0876-

0.1253

0.0822

0.0805

0.0640

0.0591

0.06-53

0.0759

Bronze (Fig. 6).

Grams
copper
corroded.

0.2440

0.2151

0.0642

0.0908

0.0460

0.0242
0.0217

0.0141

0.0129

0.0123

Bronze (Fig

Corrosion
in grams.

0.3486

0.3216

0.2793

0.2462

0.2598

0.4021

0.3693

0.3051

0.4425

0.4237

. 7).

Grams
copper
corroded.

0.3318

0.2775

0.2694

0.1611

0.1402

0.1802

0.0.525

0.0584

0.0448
0.0169

Brass (Fig. 8).

Grams
Corrosion
in grams.

(1.7204

0.7165

0.6925

0.6460

0.5773

0.4618

0.4077

0.4042

0.3975

0..3972

Aluminum

Corrosion
in fframs.

0.5623

0.2124

0.1222

0.0555

0.0207

0.0511

0.0579
0,0205

0.0316

0.1000

copper
corroded.

0.6756

0.6263

0.4993

0.5117

0.3417

0.0990
0.0077

0.0006

0.0004

0.0001

Bronze (Fig. 9).

Grams
copper
corroded.

0.5345

0.1291

0.0.323

Trace
Trace
Trace
0.0000
0.0000

0.0000

0.0000

Percentage
of copper
corroded.

97.60

89.29

73.29

72.46

.55.90

30.06 .

33.91

23.06

19.75

16.21

Percentage
of copper
corroded.

94.9

86.3

75.4

65.4

54.0

44.8

14.2

19.1

10.1

8.8

Percentage
of copper
corroded.

93.8

87.4

70.6

79.9

59.2

21.4

1.3

0.2

0.01

0.00

Percentage
of copper
corroded.

95.1

60.78

26.4

00.0

00.0

00.0

00.0

.According to publications devoted to wine growing

in France, that country is in need of large quantities

of nicotine to combat successfully the ravages of the

cochylis and other cryptogamic diseases which have

wrought such damage to French vineyards in the past.

Although effective methods were adopted to destroy

these insects (the cochylis and eudemis) by peeling

the bark of the vine, by scalding the stubs, and by the

application of dififerent chemicals, yet it was impossi-

ble to prevent heavy damages. The two remedies that

have proved to be by far the most efficacious are arsen-

ate of lead and nicotine sprayed over the entire vine.

Owing to the nonvolatile character of the fonner it

can be used only in the springtime before the fruit

forms. Nicotine alone is found effective after the

fruit appears. It is this quality that gives this alka-

loid its special importance ; it is indispensable because

there is nothing that can replace it.
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DIFFERENTIAL DISTILLATION.-

By J. LOUIS FOUCAR.

Some time ago I designed the eoliimn, a sectional

drawing of which is seen in Fig. i. -It consists, es-

sentially, of a helical septum, or septa (a), whicli

traverses the annular space (b), between two con-

centric cylinders (c) and (d). The inner cylinder

(c) can be used as a thermostat in various ways: for

example, by allowing a suitable substance to boil

therein under the necessary pressure; so that the

column may be used as a constant-temperature still-

head for the preparation of specially pure substances,

for which there is an ever increasing demand. It is

not necessar}' or desirable to fit the column itself with

a reflux condenser, but it is preferable to make this an

accessorv part of the thermostatic device, and di-

rectly attached at (ej to the inner cylinder.

.\ssuming that we start with the column cold, and

without making use of the inner cylinder, the action

of the column ma}- be described as follows: On suit-

ably' changing the temperature and pressure of the

substances contained in the vessel, vapors are evolved,

and pass up the spiral passage. The vapors nor-

mally tend to condense in the order of their boiling

points, that is, the vapor of the substance of highest

boiling point will condense first, and the liquid so

condensed will flow backwards down the spiral, some

upon the upper side, or top, of the spiral passage,

and some upon the lower side, or bottom. In con-

densing, the latent heat of the condensation is trans-

mitted both upwards and downwards through the

material of the inclined septum, and the latent heat

evolved in one spiral turn causes the re-volatization

of some of the constituent or constituents of lower

lx)iling point in the already condensed liquid which is

flowing down the upper side of the inclined plane in

the spiral turn imtnediately above it and in that which

is flowing down the underside of the inclined plane

immediately below. Thus a continuous, simultan-

eous differential vaporization of the relatively lighter

constituent, or constituents, and condensation of the

heavier constituent, or constituents, takes place, with

the result that, by choosing suitable conditions, the

constituents may be successively isolated. The ap-

paratus can, of course, be used as a continuous still

in the same way as modern alcohol and ammonia

stills. Its function in this case is substantially as al-

ready described.

In Fig. I (f) is the vapor inlet, ig) the vapor

outlet, fh) the run-ofif for the liquid in the thermo-

stat, and ( i ) the return for the reflu.xed liquid.

One of the many advantages of this column is that

if we start cold we may not only work entirely with-

out the usual reflux condenser, but can actually lag

the column without any loss of efficiency. Experi-

ments have demonstrated the truth of this assertion.

'From Journal Society of Chemical Indiisli-y.

.\s it is of considerably smaller size than other col-

umn of like capacity and efficiency, it is evident that

a great saving in fuel and consumption is effected by

its use. It is perfectly continuous in action through-

out its whole length, and those mathematicians among
us who have studied the counter-current will tell us

that this is the only way to obtain the maximum effi-

ciency out of such an interaction tower. I have hence

called it the "differentiator" column, and its function

''dift'erential distillation."

The advantages of this appliance over others of

like character are as follows

:

( 1 ) Stnaller size required.

(2) Moderate cost.

(3) No clogging or blocking possible.

(4) No back pressure thrown on to the still, except

that due to the mere height of vapor in the column, a

^^

/"

Fig. 1.

great advantage in the distillation of substances which

can, or must, be distilled under reduced pressure.

(5) Saving in fuel.

( 6) Increased purity of products.

(7) Great sensibility and consequent easy control.

(8) On completion of the distillation and subse-

quent cooling of the column, the latter retains no

liquid, as it is able to drain completely. This is of

great advantage, as every practical distiller must

know.

(9) Simplicity of construction and consequent re-

liability and lowness of the costs of maintenance.

( 10) Safety.

Other advantages could be enumerated. The only

possible disadvantage of which the author has any

knowledge or suspicion is the comparative intimacy

of contact, which may not be quite so good as in

dephlegrnators. What is meant in this. The column

will have a steadv temperature-gradient falling from

the still to the outlet of the still-head. At any point
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in the still-head this temperature will correspond to

a certain and calculable composition of the mixed va-

pors. This is what one ma}- term die static equilib-

rium.

When the apparatus is at work, however, the two

counter-currents will cause the equilibrium to lag be-

hind its corresponding temperature, and the measure

of this lag. which the author intends to investigate

under various conditions, should be of very great in-

terest. In dephlegmators, properly designed and

properly used, the kinetic equilibrium— if one may so

call it—should very nearly approach the static, and in

this one respect they may possess the only advantage

over the "diflferentiator" column.

I have eftected a most difficult separation of three

isomeric substances by systematic fractional distilla-

tion with the use of my apparatus, a result which, so

far as I am aware, has not been previously achieved

by distillation alone.

Professor Sydney Young used for the test of a still-

head a mixture of equal weights of benzene and tol-

uene. It was. however, more convenient for me to

work with equal volumes of those substances, pre-

HM
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IMPROVEMENTS IN COTTON BLEACHING.*

m
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Calcium carbonate 10.6 complete process used with slight modifications for
Magnesium pliosphatc 8.4 .^i j. _ 1 ^i- i ^ n
Ferric oxide. 3

'•'"'^ P^^^ 5° Y^^^^ ^^^Y "^ outlined as tollows

:

.Muniina and loss 5.0 I. Singeing.

Similarly, the precise change produced by alkalies 2. Grey Wa^h: Wet out in washing machine,

and acids has not been determined and the extent to allow to lie for 24 hours and wash.
which such treatment may be carried without injuring 3. Lime Boil: Pass through milk of lime and boil

the strength and lasting properties of the fabric is for 12 hours under pressure.

now rather a matter of observation and practical ex- 4. Lime Sour: Wash and pass through hydro-
perience than an actual science. chloric acid at 3 degrees. Twaddle, squeeze and allow

For a knowledge of the impurities present in crude to lie in sours for 6 to 8 hours. Wash thoroughly,

cotton, we are indebted to a study of these bodies by 5- First Lye Boil: Boil 6 to 8 hours with soda

E. Schenck. About 5 per cent of the original fiber is ash and resin soap. Wash in kier and through

removed by boiling in soda ash for eight hours and washer.

may be thrown down from the resulting dark brown 6. Second Lye Boil: Boil in kier as for first boil

liquor as a copious, light brown precipitate by adding using soda ash and a small amount of caustic. Wash
an excess of dilute sulphuric acid. If dried, it pro- in kier and through washer.

duces a brittle, horn like mass which leaves upon 7 Chemic: Pass through hypochlorite of lime

incineration an ash varying from 2.3 to 6.9 per cent, solution at 'y2 to 1° Twaddle. Allow to lie in chemic

From this residue Schenck succee,ded in isolating sub- from 6 to 8 hours,

stances which he classifies as follows

:

8. Sour: Wash and pass through sulphuric acid

I. A wax-like body which he named cotton at i to 2 degrees Twaddle.

zcax. It is lighter than water, is soluble in ether and 9. White zmsh: Wash until all traces of acid

alcohol, but insoluble in water and only slightly dis- are removed, open and dry. This process in prac-

solved by boiling dilute caustic soda. tice will occupy from 5 to 10 days.

2. A fatty acid whicli melts at 55.5 degrees Cen- The first step in the process of bleaching cloth for

tigrade and may be either margarie or a mixture of printing or other purposes requiring a smooth face

stearic and palmitic acids. is the operation of singeing, which has for its object

3. Two nitrogenous, amorphous, brown coloring the removal of all loose hairs from the surface of the

matters, one of which is easily soluble and the other cloth. This step is largely mechanical, but requires

sparingly soluble in alcohol. close attention to produce satisfactory results without

4. Pectic acid, obtained in the form of a light
damage to fiber or undue cost for gas or fuel. The

yellow amorphous substance resembling gum or gela-
'™«t approved method, known as gas smgemg,

tine. This bodv forms much the larger part of the Passes the fabric at speed several tunes through the

precipitate, the other constituents being present only ^ame of Bunsen burners extendmg the width of the

in extremeh- minute quantities.
cloth. Improvements m this step must come from

, ,, .
,

proper regulations of the gas mixture and mechani-
^. Albuminous matter. ^

,

'^

r „ , , <•

cal arrangement of rollers and speed of travel to pro-
Many others have studied more or less thoroughly

^^^^^ ^j^^ ^^^^ ^^^1^,^^ ^.^^^^H^

the nature of the substances extracted by water,
^j^^ ^^^^ operation is known as steeping or grey

ether or other solvents, as well as the nature of the ^^^^^-^^ ^^^ ^^^^j^t^ -^^ p^33i„^ ^^^ ^^^^3 through a
ash present m the raw cottons, but without more

.washer or otherwise saturating? preferably with warm
nite results.

water, and allowing it to remain piled in a warm room
In cotton bleaching, we are confronted with the from 18 to 24 hours. This treatment removes any

problem of the removal of these various impurities bodies soluble in water and, as a result of fermenta-

and of the decolorizing or whitening of any yellow tion, the starchy matters added as sizing,

or brown tint still remaining. Broadly speaking, the Modern practice has made the mistake of consid-

process consists of boiling with alkali liquors to re- gring this operation unnecessary and omitting it en-

move all impurities made soluble by such treatment tirely even when the caustic boil is used. Lime prob-

and a subsequent oxidation for the removal of resid- ably removes the starchy matters completely, but it

ual tint. is extremely doubtful if more than a relatively small

Cotton may be bleachetl in almost any form from portion is extracted in the caustic boil. Steeping may

loose or raw cotton to cotton piece goods, the differ- be replaced by a malt treatment, using by preference

ence in treatment required in each case being purely one of the diastace preparations now on the market,

mechanical. As the bleaching of cotton piece goods The solution is prepared by using 15 to 20 lbs. of

far exceeds the importance of the bleaching of any diastace or similar product to 100 gallons of water

other form of cotton, we will confine our attention and warming to 140 to 150° F. The goods are wet

to that form. We will also assume in the succeeding out in this solution and the action allowed to con-

remarks a knowledge on the part of the reader of tinue for 15 to 30 minutes, then washed and passed

the terms an<I processes of practical bleaching. The to the next step in the process. Solubility of the
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starch may also be produced by wetting out with very

dihite hydrochloric or sulphuric acid and piling for a

short time. This process must be carried out with

extreme care, owing to danger of the acid injuring the

fiber.

Lime boil.—The cloth is saturated with milk of

lime of such a strength that it takes up about 4 per

cent of its weight of CaO, run into one of the stand-

ard kiers and boiled with constant circulation of the

liquor through the goods. This operation decom-

poses the fats and similar matter contained in the

cloths and forms as a result insoluble lime soaps.

These latter are broken up by the scouring which

follows and completely removed by the subsequent

operations. In addition, the other natural impuri-

ties of the raw cotton, as well as starch, are so

changed that they either become soluble or are more
easil)- acted up>on by the chemicals employed in the

succeeding processes.

The gray soaps remove the excess of lime and

other metallic oxides, if present, besides breaking

up the insoluble soaps formed on the fiber.

The lye boils continue the reactions already begun

in the lime boil and further saponify and remove any

fatty acids resulting from the decomposition of the

lime soaps in the previous steps.

Resin soap is employed by some bleachers and is

supposed to remove certain indefinite constituents of

the fiber which are said to have a deleterious effect

on the whites of prints and are not fully removed by

the other agents employed.

Bleaching or Clicmicing.—The destruction of the

coloring matter now left in the fabric is the object

of this final step. Previous to the 19th century this

was always accomplished by the exposure of the

moist cloth to the action of air and sunlight and ex-

tensive bleaching greens formed an important part

of every establishment. The use of chlorine for this

purpose was first proposed by Berthollet, about 1785.

but its use even after the introduction of the hypo-

chlorite of lime was very slow in becoming general.

Today, chlorine, either as calcium or sodium hvpo,

far exceeds all other agents in importance and in

amount used. With proper regulation of strength

of solutions and duration of action, this bleaching

agent may produce the most satisfactory whites with-

out appreciable injurious action on the strength or

other desirable properties of the fiber.

Large quantities of chlorine are annually produced

electrolytically either as a gas to be absorbed by lime

to form ordinary bleach, or as hypochlorite of sode

solution to be used direct. On a large scale the

latter form cannot compete successfully with the

cheaper and more common product, but it finds ex-

tensive use in laundries and the small establishments.

The sodium hypochlorite solution formed in this

form of apparatus contains an excess of sodium
chloride which causes the chlorine to be given oft'

freely either to the fabric or the atmosphere. The

solutions are therefore unstable and cannot be made
in advance. The cost of production is also higher

except in the case of cheap electric power and low

freight rates for salt.

The much claimed superiority of electrolytic bleach

seems to have been based on the increased rate at

which the chlorine was given off in the presence of

the chloride and may be produced, if desired, in

bleach from other sources.

The use of hypochlorite of soda made from bleach-

ing powder and soda ash is highly to be recommended

and in many cases will more than repay the in-

creased cost. The following receipt for its manufac-

ture is given by Thies and Herzig

:

Two hundred and ninety kilos of bleaching powder

o^ 33 P^f" cent available chlorize are ground to a

paste with 1 100 liters of water, and to this are added

175 kilos of soda ash dissolved in 500 liters of water,

and the resulting solution is immediately made up to

2,000 liters. After stirring for one-half hour, the

mixture is allowed to settle over night and the clear

liquor is decanted. The sediment is mixed with clear

water, the clear liquor being decanted and this proc-

ess repeated until in all 5,000 liters of liquor are ob-

tained, which should stand at from 6 to 6}^°

Twaddle. This solution is alkaline and is said to

keep well.

In order to neutralize the free alkali and start the lib-

eration of the hypochlorous liquor, sulphuric or hy-

pochloric acid is added to the liquor just before using.

Thies and Herzig recommend 6 to 7 grams of sul-

phuric acid of 60° Beaume for everv 10 liters of the

above bleaching liquor.

The kiers used in bleaching have had much to do

with the progress of the art. Starting from open

kettles heated by direct fire, the natural tendency led to

a large open kier, but heated by steam. A great im-

provement in this kier was the introduction of a

central vomit pipe taking the liquor from the bottom

of the kier and throwing it by means of a steam ejector

over the goods at the top, thus producing a circula-

tion through the goods. The next improvement was

the introduction of the closed kier, by means of

which the pressure and consequent temperature of

boiling was increased.

The first distinct system was that of Barlow, whose

kier was introduced about 1870. This system em-

ploys two kiers working in pairs and may use steam

up to 40 lbs. pressure. The liquor circulates from

the bottom of one kier to the top of the other. In

working with the Barlow system, both kiers are filled

with cloth as usual, the requisite quantity of liquor

admitted and steam blown through both to expel the

air through vent pipes. The kier is then closed and

steam let into one only, so that the pressure at the

top forces the liquor through suitable connection to the

top of the other, where it is sprayed over the cloth.

When most of the liquor has been forced into the

second kier, the valves are changed so that the pressure
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is letl lo that kier, changing the circulation to the top

of the tirst kicr. This reversing process is continued

until the goods are sufficiently boiled, when the kiers

are blown out. washed and the process continued as

usual.

The next great step in advance was the advent of

the Mather kier, which was especially constructed by

.Messrs. Mather and Piatt to carry out the process de-

vised by Horace Noechlin. In this system the lime

boil is entirely dispensed witli, and this, as well as

the two lye-boils of the old process, are replaced by a

single boil in caustic soda and resin soap. The kier

.ised for this boil is a large horizontal cylinder with

convexed ends, one of w-hich may be removed to

allow the entrance of the goods. Suitable means are

provided for raising the door and for making the same

steam tight when closed. The pieces to be bleached

are piled on wagons made of sheet iron with per-

forated bottoms and running on tracks leading in-

side the kiers. When ready the wagons are run into

the kier, the door is closed, the air driven out by

steam and circulation started. While the kier is boil-

ing, other wagons may be loaded and those already

boiled unloaded, thus increasing greatly the produc-

tion of a single kier.

The process aims to subject the fabric to the action

of caustic liquor and steam at the same time, and for

this purpose the amount of solution used is small

compared with the size of the kier. The circulation is

maintained by means of a centrifugal pump, which

takes the liquor from the space under the wagon and

showers it over the top of the goods. It then perco-

lates through the pieces and collects in the bottom of

the kier, where it is heated by closed steam pipes and

is again taken up by the pump, which maintains a con-

tinuous circulation. The kier may also be heated by

the introduction of live steam, but the resulting dilu-

tions of the liquor is more objectionable in this than in

other kiers.

Several ingenious continuous processes have been

proposed for boiling cotton piece goods, but as yet

no svstem of this character has succeeded in pro-

longing the treatment long enough to produce results

comparable with those obtained by the more usual

method.

The Thies kier and the process of which it forms a

part are the result of long, careful research by Thies

and Herzig. By designing the kier in such a manner

that no steam comes in direct contact with the liquor

and thus avoiding the action due to the oxygen con-

tained in the air always present in steam, it is im-

possible to use strong caustic at a high pressure with-

out fear of tendering the fabric. The latest form of

kier consists of three parts—the kier proper, the

vacuum boiler and the superheater. The vacuum boil-

er consists of an upright cylindrical vessel similar in

size and shape to an ordinary kier, while the super-

heater is of the same height as the kier, but much

smaller in diameter. The latter is provided with

closed coils for heating. For the circulation and

transfer of liquors, use is made of a Grindle pump.

The boiling consists of two parts and the process is

described by the authors as follows

:

The goods saturated with alkali (liquor blown off

from the previous bowking) are packed into the kier

and then by means of the Grindle pump, the old kier

liquor is drawn from the vacuum boiler (which is

quite full to start witli, and closed at the top) and sent

in at the bottom of the kier until the latter is quite full,

the air escaping through a blow-ofT valve at the top.

As soon as the kier is full, the air valve is closed. By

pumping the liquor from the vacuum boiler into the

kier, a vacuum equal to about 10 pounds is produced

in the former vessel. A pipe provided with a throttle

valve connects the top of the kier with the top of the

vacuum boiler. This valve is now slightly opened,

so that a circulation of the liquor takes place, while

any air contained in the kier rises with the liquor,

passes through the throttle valve into the vacuum

boiler, where the liquor falls to the bottom and ex-

pands into the vacuum. The pressure in the kier is

now gradually increased to three atmospheres by

checking the valve, when any air remaining in the

goods is mechanically dissolved out of the goods (air

being more soluble in water under pressure) and

transferred to the vacuum boiler. After the air in the

vacuum boiler has been expelled, steam is turned on in

the superheater and the bowking continued for 2 hours

at 45 pounds pressure. The pump is now stopped, the

steam turned oft' and the liquor blown off under its

own pressure. Fresh lye, consisting of caustic soda at

6 to 7^° Twaddle and the resin soap, is now run into

the kier (which is free from air), the pump set in

motion again, steam turned on in the superheater and

the bowking proper continued for 6 hours at 45 pounds

pressure.

As free hypochlorous acid is much more efficient as

a bleaching agent than any of its salts, we find many
attempts to make use of this property.

Mather and Thompson pass the cloth continuously

through closed chambers in which the pieces are run

through an atmosphere of CO. after being saturated

with the ordinary bleaching solution. Acetic acid

vapors have also been used in the same manner. The

addition of small amounts of sulphuric or hypochloric

acid or of acetic or formic acid to the chemical solu-

tion will produce similar results, and the improved

action of the liquors will be at once apparent.

Chlorine in cotton bleaching may be replaced by

other oxidizing agents and will no doubt be super-

seded at some later date by some agent acting less in-

juriously on the fiber itself. Such a body is found in

sodium or hydrogen peroxides and it is only the higher

cost which prevents its more general use. For cot-

ton and silk goods, laces and other special fabrics, it

finds extensive application.
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Drawing freely from all published information,

especially the results of the researches of Koechlin,

Thies and Scheurer, the following process has been

evolved as a working compromise of the theoretical

and practical.

The goods are marked and sewed as usual and piled

on trucks. They are then run through the gas singer

and directly through a lukewarm solution of diastafer

and into a continuous piling chute. This latter is a

more or less complicated inclined trough so arranged

that while cloth is entering at the upper end and leav-

ing at the lower, a large amount of slake cloth fills

the length of the incline and allows time for the action

to take place. To increase the time of action, several

of the chutes may be arranged in series, the cloth pass-

ing over a reel between each. From this step the

goods pass directly to a small washer and are then

squeezed and piled in a bin. As wanted they are

drawn through a saturating machine, where they are

impregnated with caustic soda at 3° Twaddle, con-

taining 0.5 per cent sodium bisulphite solutions and

packed directly in the boiling kier. This kier should be

of the vertical pressure type with outside vomit pipes

and pump circulation. The perforated false bottom

should be conical in shape and so arranged as to give a

much larger space at the bottom than is usually al-

lowed, and should be provided with both closed and

open steam pipes. The closed coil should be suffi-

cient to maintain the kier at boiling during circula-

tion after that temperature has been reached, and must

be provided with a suitable trap to remove the hot

water and return it to the hot well or feed water

heater. The goods are evenly plaited and tramped

in the kiers by boys in the usual manner, to within

2/4 or 3 ft. of the top. The air is next replaced by

admitting steam and a charge composed of 3° Twaddle

caustic containing 3 per cent of resin soap run in to

cover the goods. The kier is brought to a boil with

the open coil at a pressure of 15 lbs., a small vent pipe

being open to allow the escape of air.

When the goods are boiling the open pipe is nearly

close-d and the boiling is continued for 6 to 8 hours

with the use of the closed coil as far as possible.

The charge is washed in the kier. care being taken

to prevent access of air to the hot fabric. The pieces

are then run out of the kier through a washer, squeezed

and returned to another kier, where the boil is re-

peated, but with the omission of the resin soap.

Experience seems to indicate that two boils are nec-

essary to produce a thorough bleaching without over

treatment in the subsequent steps.

The goods are next run through the chemic and

jiiled in open bins for 2 to 6 hours. The best results

are produced at the greatest economy by the use of

hypochlorite of soda prepared as already described,

but with experience and care very satisfactory results

are obtained, by the use of hypochlorite of lime solu-

tion at Yi to 3° Twaddle.

Continuous processes which subject the fabric for

a short period to a very strong chlorine solution or

which sour the cloth after chemicing without previous

washing are necessarily injurious to the fiber and un-

satisfactory in other important respects.

The pieces after lying exposed to the air for a suit-

able length of time are washed, squeezed through sul-

phuric at I to 2° Twaddle, w^ashed twice, and are then

ready for opening, drying and finishing as desired.

Bleaching today is not an exact science, and de-

pends for success upon experience combined with close

observation and understanding of the various proc-

esses. If the heads of the industry in this country

could be brought together for an interchange of

experience and frank discussion of the most promis-

ing lines of research, a great advance would be pro-

duced in the art, but in any case we may expect sooner

or later more economical and efficient processes to re-

place many of those now in use.

A. U. S. Consular Report states that the old fash-

ioned "beehive" coke ovens, to be seen on nearly

every hillside by the traveler through the Sheffield

district of England at night, are being rapidly super-

seded by the modern retort oven from which valuable

by-products— i. e., tar, benzol, and ammonia—are re-

covered. The remarkable growth of this industry in

the last 10 years as seen in Yorkshire, Derbyshire,

and the Northumberland districts was the subject of

a lecture before the department of applied science of

the Sheffield University recently, wherein it was stat-

ed that the proportion of coal carbonized or coked in

by-product ovens in Germany was 30 per cent in 1900

and 82 per cent in 1909; in England, 10 per cent in

1900 and 18 per cent in 1909; in the United States, 5

per cent in 1900 and 16 per cent in 1909. This ac-

tivitv stimulated designers to improvement in oven

construction and led to simplification and improve-

ment of by-product recovery. Dealing with the treat-

ment of waste liquors the speaker said tliat experi-

ments which he had made, but which were not suffi-

ciently advanced for publication, led him to believe

that the phenols could be completely recovered by

oxidation with ^^'eldon mud, but he had not yet suc-

ceeded in entirely removing the svilphocyanides. A
most important advance in by-product recovery was

to be found in the direct process for the recovery of

ammonium sulphate, the successful introduction of

which would partially if not completely solve the

question of effluent. These processes had for their

object the recovery of ammonium sulphate without

subjecting the gases to previous water scrubbing.

The ]5roduction of copper in Chile during the year

1910 amounted to 17,987 tons, of which 9.271 tons

were shipped in the form of cojiper bars and the bal-

ance as regnlus and ores. The largest amount of the

copper was shipped to England.
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TITRATION METHOD FOR DETERMINING
SULPHUR IN COAL.

By E. A. CUNNINGHAM/

This method was devised to facihtate the determina-

tion of sulphnr in coal from the washings of the At-

water Mahler bomb calorimeter after the determina-

tion of the B. T. U. has been made.

The method is based on the following:

"If we take the bomb washings which have been

titrated in the usual manner with an alkali to deter-

mine the calories produced by the combustion of sul-

phur and nitrogen and if we assume this alkali to he

potassium hydrate, the solution will contain the sul-

phate and nitrate of potassium. If we then add a

known quantity of BaCL and if this known quantity

is in excess of that required by the highest percentage

of sulphur found in any coal it is evident that the

follov^'ing will take place in this solution

:

K,SO^ + KNO3 + BaCU = BaSO, = ,KC1 -f

KNOs + excess (Ba'ci.,).

If we now add to this solution a small quantity of

NAoCOg we shall precipitate the excess of BaCU as

BaCO.,, and the solution will contain the following:

BaSO, + 2KCI + KNO3 -f BaCL -f NaXO, =
BaSO, -I-2KCI -I- KNO3 -f BaCd, + 2NaCl.

This solution is to be filtered which separates the

BaSO^ + BaCO., from the other soluble constituents

;

the filter and contents are then placed in any con-

venient vessel and titrated with HCl. A blank has

also been run on the known quantity of BaCL taken

and the number of cc. used for the sample subtracted

from the cc. used for the blank, gives the sulphur.

The solution having been previously standardized with

a Na„SO^ solution, the sulphur of which has been care-

fully determined by gravimetric methods.

The following gives the detailed procedure

:

To the bomb washings which have been titrated as

usual to detemiine the calories is added 9 cc. of an

N/2 solution of BaCL, this amount being measured

accurately from a burrette. It will be noted that 9 cc.

of an N/2 BaCL solution, would represent 0.072 grams
of sulphur and as the quantity of coal taken in the

determination of the B. T. U. is about one gram, this

•Chemist American Bridge Co., Pencoyd.

would represent 7.2 per cent of sulphur, an amount

far in excess of that usually found in coal. After the

addition of the above quantity of BaCL, a small

quantity, about 5 or 6 cc, of a normal solution of

Xa^COg is added. This need nnt be measured ac-

curately.

After this addition, the solution is decanted through

a filter paper and the precipitate washed twice witli

hot water, after which the filter and its contents are

placed in an Erlenmeyer flask and about 15 cc. of

water added. The flask is then corked with a good

fitting rubber stopper and the contents shaken vio-

lently in order to break up the filter paper, after which

the rubber stopper is removed and washed off into the

flask, the sides of which are also washed down. One
or two drops of methal orange are then added and the

contents titrated with N/16 HCl and this figure sub-

tracted from the figure found in running the blank,

gives the sulphur in o.ooi gram per cc, provided the

HCl solution is accurately 1/16 normal.

The blank determination need only be run once

when the solutions are first made up, as they are quite

stable and this figure found used in all the subse-

quent titrations of the samples.

The solutions should of course be standardized by

using a solution of Na^SO^, the sulphur content of

which has been carefully determined by gravimetric

methods.

The bomb washings need not be filtered before add-

ing the solutions as the solid particles have no effect

in the subsequent operations.

It will also be found that the presence of BaCOa
with the BaSO^ entirely prevents the tendency of

the BaSOj from running through the filter paper.

The time for the complete operation is about ten

minutes, which is verv much faster than the gravi-

metric method.

The accuracy of the method is shown by the table

given below

:

By Titration,

Per cent.

0.830

0.660

1.090

0.860

3.540

L296

0.600

0.590

0.752

1.072

3.856

Gravimetrically.

Per cent.

0.830

0.660

1.070

0.810

3.600

1.289

0.556

0.585

0.780

1.069

3.789
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COMPARISON OF METHODS FOR THE DE-
TERMINATION OF NICKEL IN STEEL.

By JAMES J. BOYLE.*

Having noticed that many discrepancies occur in de-

termining nickel in steel by the old ether separation

method, and the subsequent precipitation of the nickel

with hydrogen sulphide, converting the nickel sulphide

formed to nickel oxide, and weighing as such, an in-

vestigation of some recent methods was made, and

their accuracy noted.

DIMETHYLGLYOXIME METHOD.

O. Brunck in Stahl & Eisen, states that dimethyl-

glyoxime, an organic compound, has proved a very

efficient reagent for the determination of nickel in

various substances, and with certain modifications, can

be used to determine nickel in iron and steel.

After conducting a number of experiments for the

determination of nickel in steel, with this reagent, the

following procedure was found to produce the best

results

:

Weigh out one gram of the nickel steel, place in a

250 cc. beaker, cover, add 20 cc. of hydrochloric acid

(sp. gr. 1. 12), heat gently till steel is dissolved, keep-

ing beaker covered ; oxidize with 6 to 7 cc. of nitric

acid (sp. gr. 1.20). Continue heating a few minutes

longer, to complete the oxidization, add twenty grams

of tartaric acid dissolved in 20 cc. of water, remove

from fire and cautiously add a strong solution of po-

tassium hydroxide till solution is nearly neutral a

change of color indicating this condition. Volume of

solution should now be about 200 cc.

If solution is made alkaline, slightly acidify with

acetic acid, heat to boiling and add 15 to 20 cc. of a

I per cent alcoholic solution of dimethylglyoxime

with stirring.

Ammonia is then cautiously added until the solu-

tion smells slightly of it : while still hot, filter on a

weighed Gooch crucible, wash thoroughly with warm
water, dry in oven at 110-120° C. for 45 minutes, cool

in desiccator, and weigh.

Xickel glyoxime is a red crystalline salt, contains

no water of crystallization, sublimes at 250° C, with-

out decomposition, and contains 20.32 per cent nickel.

To test the accuracy of the method .2 gm. of cp.

nickel ammonium sulphate, and i gram of common

steel were weighed out and put through the above pro-

cedure, and the following results obtained, check

analysis being run

:

Xickel
Present,

Per cent.

Test No. 1 2.972

Test No. 2 2.972

Xickel



July, i»ii. THE CHEMICAL ENGINEER 289

niatcly tenth-noniial and 5 giaiiis of potassium liydrox- EXAMINATION OF TIN IN AN ORE.*
ide added per liter in order to improve its stability,

freciueiit standardizations being- necessary. By R. J. MORGAN.
It is perhaps better to standardize the potassinm . ",

1 . , 1 r 1 -11 i i 1 t It is a curious fact that for the last 2^. years tin-cyanide aganist a steel of known nickel content, but ' j'^ '

the theoretical value used in the tests given below indi- ^f
^>' '"^^'^"'^^ ^"""'^ '"^^"^ ''"^^ °' "° ^^^^"'=^' ^^ile

cate very satisfactory results: ^
^^^'^ "°^ '" S^"^""^^ "''^ '" connection with copper

r . ,1 jr -11 1 1 i.
3'id lead ores can scarcely be compared with those

1 wo-tenths gram ot cp. nickel animoimim sulphate ... ,
1 ^ m i iv..^^

1 r . 1 •
1 1 i J i.

then obtaining, so greatly have they been improvedand I gm. of common steel were weighed out and put »> & .r j u ^ npiuv^u

through the above procedure, and the following re-
"''""• ^^^''°"g'' '' '' "°' altogether expected that the

suits obtained for six tests:
"'^^'^°'l '^^""^"^ advocated will at once meet with gen-

^,. , ,

eral approval, the writer hopes the resultant discussion
Nickel, Nickel, . . . , , , . ,

Present, Found, Error, '"'''.V bring out points that have hitherto escaped de-
Per cent. Per cent. Per cent. tection

Test No. 1 2.97 :3.00 .03-1- „,, '

, , ,^ .
, , , -

Test No. 2 2.97 2.99 .02+ ine old Lornish method ot smelting with anthracite
Test No. 3 2.97 2.99 .02-1- is now obsolete. The cyanide assay, although unre-
Test No. 4 2.9( ,3.00 .03 ,. , , . ... , ,, ^ . . ,.°
Test No. -5 2.97 2.9S .Ol-f-

liable, is still much used because of its Simplicity.

Test No. 6 2.97 2.99 .02+ In the Malaya many buyers of tin ores use the

.\veiage 2.97 2.99 .02-f
cyanide assay, the smelting being carried out gener-

Check analyses by this method can be completed in ally in a benzine furnace,

fifty minutes. It is essential that the smelting with cyanide be per-

RESU31E. formed at a low temperature. Even then, impurities,

The dimethylglyoxime is more accurate than the
^"-"^'^ '^^ Sb,,S,, and Bi.S,,, if present, are reduced, ren-

cxanide method, and should be employed in all umpire ''^"''"•" "^^ ''"tto" of tin impure—

and check work where exact determinations are Sb^S., -+ 3Is.CN = Six -+ 3KCNS
desired. Oxides of iron are readily reduced, the iron going

The cyanide is a good, quick, accurate method, par- '" ^^'t'l the tin, and if the button contains impurities

ticularly adapted to routine laboratory work. It is
^hc percentage of tin in the button must be determined

easy to' conduct, though the operator should have some ^y wet methods
;
therefore it is desirable to use a wet

experience with the end point, the greatest source of '"ethod, and so avoid the doubtful fusion connected

error in the method. '^'t'l ''^^ cyanide process.

In technical practice, volumetric methods are pref-

^, , , ,
. , ^^ .. , erable, being quite as accurate and much more rapid

rians have been drawn lor the Hawaiian Sugar ,, ... ^u t /- 1 . •

.r^, , , r • , - , , •
than gravimetric methods. Consequently this paper

Planters Association for one ot the finest laboratories -n t, ;: t ^ j- •
i . . ,

. ^.^ .. „ . ^, , , .,, H, r.
wll "e confined to discussing volumetric methods,

in Hawaii ierntorv. 1 he laboratory will cost $18,000 1,^ , . 1 7 r' • ,,;,,,. • . ,
Many schemes are in use, but professional men ap-

and is to be used for the delicate and important work
*. j-n- ^ 1 • 1 •

.^i , , ,
.' pear to differ as to which is the most practical and sat-

carried on at the present experiment station. r . , . • ^1 . ti ^ • 1^ ' isfactory volumetric method. The two in general use

at the present time are

:

„„ _ . ,,. r >T ', , ,
•

1

'• Titration of stannous chloride with standard
ihe Department ot .Mines of i\ew Zealand aids ... , ^.' iodine solution,

prospectors by leasing to them state-owned prospect- ^ ^, , ... ,.,,,• r r •

f , .„ ^, ,
^ , , ,. , , .„ 2. Iitration with a standard solution of fernc

ing drills. The department has three diamond drills . , . ,

and one Keystone driller, which may be leased on the „ .1 ^, ^-^ ^- .• r -. 1. 1 .
. ,, . ... ^, , , , , tjoth these titrations give satisfactory results, but
following conditions : 1 he lessee must take delivery ., ., ,

t.,. ^, ^. ^

, , , , , .
, , , ,

.

-^ the writer prefers No. i, as the operations of prepar-
of the plant at any place decided upon by the mm- • ,, , ^. . ,

/ . ^
-^ ^, ,. . , f '

, . , ing the assay solution are simpler,
ister of mines. In addition to making a deposit of rp, r n '

• ^t j 1 • i ,-.-• r

, , , ,.,,,,.,, 1 he following method, which is a modification of
£•50, the lessee must furnish bond and security for the ,, , , , ^1 t-. t i^

r ,, , , , , r
th^t commonly known as the Pearce-Low scheme, was

payment of all charges and the proper observance of , , . . ,• r , 1. t^ • -j
,/ ... ,,, '^,

, , -, f
found to give very satisfactory results. It is rapid,

all conditions. All damages to the plant outside of , ,. . ^

, , ,
^ , r

, , , ,
and answers every ordinary requirement

:

reasonable wear and tear must be paid by the lessee. „, , ^ ^ o ^ .• 1 i- 1 j 1 •

,
^ . . , .

Place from 6 to 8 gr. of stick sodium hydroxide inA superintendent appointed bv the minister of mines ... . ... ..,.,.
, '^

, , r , , , , ,
a thm-spun iron crucible provided with an iron cover,

has sole control of the plant and the workmen em-
, ^i 1 ^ . , • , -nr • 1 ^1

, , , , , , . , , . and gently heat to expel moisture. Weigh out about "5

ployed, and the lessee must comply with his requests c ^^ n ^ , , , j 1 ,1 .

,. , , . , r , , ^, ,
grm. of the hnely powdered ore and add to the iron

regarding the housing and care of the plant. Ihe sal- .,, r^ ^, 1. 1 , , -,1 , j rr-
. ,

-
. , . .

, , , ,
crucible after the smelted hydroxide has cooled sufn-

ary of the superintendent is paid by the department in ... . ... .. ... „ ., .,

,

... , . ' / , , , . ciently to permit of its setting. Cover the crucible,
the first instance, but is recovered from the lessee in , . , ^ ^, . ^ , r^ . . „

, , . „ r^, , , r
and again heat, gently at first, and afterwards to dull

monthly installments. Ihe lessee must pay the cost of , ... ^ . . , , _ .,

,, ,' .... , ,, ,

.' redness, until fusion is complete. Kemove the cover
all carbons used in boring and all working expenses

nf tVip nlanf- *Paper read at the New Zealaml Meetiiifj of the .Australianui iiic pidUL.
Institute of Afining Engineers.



290 THE CHEMICAL ENGINEER VOL. XIV. No. I.

and allow the ""melt"' to cool, placing the cover in a

5j4-in. casserole, or in an ordinary porcelain evap-

orating basin. When the crucible has cooled, place it

on its side in the casserole, add a little water, and heat

to boiling point. Next, loosen the "melt" with a glass

rod, wash the crucible well until all the "melt" has

been removed, and then lift the crucible from the

casserole, giving it a final rinse: Rinse the crucible

with a few cubic centimetres of weak hydrochloric

acid to insure that absolutely all the "melt" has been

removed, adding the acid to the solution in the casser-

ole, which must be covered to prevent loss by effer-

vescence. Remove the crucible cover from the casser-

ole, and if any globules of the "melt"" are still at-

tached, remove them with a dilute acid wash.

It is important to keep the washings in the above

operations as small in volume as possible.

Next add strong HCl, a few cubic centimetres at a

time, keeping the casserole well covered until efferves-

cence ceases. Then add 20 cc. of strong HCl—in

excess, heat to boiling point and transfer the solution

to a suitable flask. No undecomposed residue should

remain in the casserole, except perhaps a little gela-

tinous silica. .\dd three horseshoe nails to the solu-

tion, the nails being bent to form the letter U. Boil

for 15 minutes, and filter through glass wool, washing

the filter with about 50 cc. of distilled water.

Horseshoe nails, being made of a very pure and

soft iron, act efficiently in removing Cu, Sb, As, etc.,

and at the same time minimize the risk of introducing

other impurities.

To the filtrate, which has been caught in a 6-oz.

conical flask, about 5 grm, of finely powdered anti-

mony is added. The solution is then heated to boiling

point, and the boiling is continued for five minutes.

The flask is next cooled in an atmosphere of CO, and

titrated with a standard solution of iodine, using a

starch solution as an indicator. It is essential that the

solution, after boiling with antimony, should be cooled

as rapidly as possible, and to accomplish this the flasks

can be placed in a tray and cold water circulated round

them. As the stannous chloride oxidizes very rapidly

to stannic chloride, especially when the solutions are

hot, the solution must be cooled in an atmosphere of

CO.- This may be done by placing a pea of marble

in the flask. This last instruction cannot, however, be

recommended, as the results are generally low—prob-

ably owing to the introduction of air.

When doing a number of determinations it is bet-

ter to cork the flasks during the operation of boiling,

the corks being fitted with a delivery tube. On re-

moving the flasks from the hot plate, connect the

delivery tubes to a constant supply of CO^.

Mr. J. J- Berringer. in an article written to the

London Mining Journal, advocates the use of zinc

fume or clippings for reducing the tin compounds, in

place of fusion with sodium hydroxide.

The writer has used this method and found it to be

an efficient one, giving results which agreed well with

the method already described under the heading of

"Method Advocated.""

The hydrogen reduction method championed by Par-

rv, and claimed by him to be the method, is, in the

writer"s opinion, cumbersome, and decidedly inferior

to the above methods for accuracy, simplicity and

speed.

Many methods are in use for reducing the stannic

solutions to the stannous state ready for titration.

Iron horseshoe nails are effective if the solution is

kept strongly acid and boiled for at least 25 minutes.

Sheet nickel may be used in place of iron, but it is

expensive, and the strong color imparted to the solu-

tion tends to mask the appearance of the first tinge of

starch iodide, and this is objectionable when testing

for small amounts of tin.

Zinc reduces tin chloride to the metallic state, and it

can then be filtered off and redissolved in strong HCl.

Experiments showed that whilst being redissolved

there was a tendency for the tin to oxidize to stannic

chloride, and in this one is obliged to assume that the

tin dissolves wholly as stannous chloride. As this

assumption is not justified, the method- is quite unre-

liable. The writer considers the best reducing mate-

rial to be finely povVdered antimony, which is effective

and rapid, and the excess of Sb that remains does not

interfere with the iodine titration, which is performed

in the cold. It is essential that the antimony should

be extremely fine and free from interfering metals.

Kahlbaum's pure pulverulent antimony answers well,

the rapidity and completeness of reduction well repay-

ing the cost of the pure metal.

In the ferric chloride method of titration the strong

yellow color of ferric chloride indicates that the con-

version of the stannous chloride to the stannic con-

dition is complete. With this method antimony can-

not be used as a reducer, metallic zinc being generally

employed, and, as pointed out above, this is open to

error. The titration must be performed above 70° C,
and at such a high temperature it is difficult to prevent

oxidation.

After a considerable number of experiments, the

writer is of opinion that fusion with NaOH in an iron

crucible, followed by reduction with iron nails and

antimony and the iodine titrations, gives the most ac-

curate and consistent results with the minimum of

trouble.

Reduced output of balata gum is reported from

British Guiana. This year"s shipments up to May 25

totaled 104,000 lbs., against 148,000 lbs. for the same

period last year. To this shortage should be added

46,000 lbs. shipped this year, but which were bled in

1910. Lack of laborers is given as the chief cause.

The United States imported 535,195 lbs. of balata,

worth $340,569, in 1910. against 803,569 lbs., worth

$385,625, in 1909. British Guiana furnishes the larg-

est supplv, the balance coming mainl}' from Vene-

zuela and the West Indies.
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SOME OBSERVATIONS ON LABORATORY
PRODUCTION OF ALUMINUM*

By H. K. RICHARDSON.

It has been the writer's privilege to make a number

of runs on the production of aluminium in the labor-

atory. These have proved so interesting that it has

been decided to publish the results. All the work was

done by students during the regularly scheduled labor-

atory periods. These students were chemists and

metallurgical, chemical and electrochemical engineers.

\ laboratory process to be successful in the hands of

these men must be simple, for some had had little or

!io experience in handling electrical apparatus for real

work.

From the start it has been our desire to approxi-

mate as closely as possible the conditions of practice.

In lhis work the student is expected to consider him-

self as working a commercial process. In his final

report he is required to hand in a detailed estimate of

the cost of running the process, using the laboratory

data. Our earliest attempts to make aluminium were

+.^

cm

Fig. I, while vertical sections are shown by Figs. 2

and 3. It was our intention to use for electrodes three

carbons 18 ins. (45.7 cm.) long by 3 ins. (7.62 cm.)

diameter, thereby duplicating American practice. Be-

fore our cell was set up, the article by Neuman &
Olsen^ appeared, and it was decided to use two square

electrodes 4x4 ins. (10.16 xio.16 cm.). However,

we found two electrodes inconvenient to work with, so

we finally made our runs with one electrode of above

Fig. 1.

made in an apparatus similar to that of Tucker,^ but

results were not satisfactory, for two reasons

:

1. The yield was seldom over 30-40 grams for a

three or four hour run. This corresponds to an am-

pere-hour efficiency of 20-25 per cent.

2. The apparatus and method of working are not

comparable to practice.

DESCRIPTION OF FL'RN.\CE USED.

To more nearly approximate practice, a new cell

vyas constructed according to the figures of a com-

mercial cell given by \\'inteler.-

This cell, for 3,200 amperes, had the following in-

side measurements

:

1.050 mm. (3 ft. 5^ ins.) long.

550 mm. (i ft. 9j^ ins.) wide.

6,500 amp. per sq. meter (4.2 amp. per sq. in.).

As we had onlv 500 amperes available, we designed

a cell of the following inside dimensions

:

360 mm. (14.18 ins.) long.

180 mm. ( 7.09 ins.) wide,

no mm. ( 4.33 ins.) high.

The material used was l^-in. (6.35 mm.) wrought

iron plate, bolted to angle iron on all edges. The bot-

tom was covered with an artificial graphite plate Js in.

(2.22 cm.) thick. A plan of this furnace is shown in

P.iper presented at the 19th General Meeting of the American
Klectrochemical Society in New York City, April 6-8, 1911.

1. Eitcti'ochemical & Metallurgical Industry, 7. 315.
2. Borchers-Solomon: "Electric Furnaces," p. 210.

Fig. 2.

dimensions and 9 ins. (22.9 cm.) long. This elec-

trode was of common electrode carbon stock obtained

from the National Carbon Co. The method of fusing

the electrolyte used by Neuman & Olsen was em-

ployed. The heat was obtained by inserting a 2-in.

(5.08 cm.) piece of 'J^-in. (1.27 cm.) carbon between

the electrode and the bottom plate. See Fig. 2. This

left i^ ins. (3.81 cm.) of the carbon exposed to do

the melting. This length of carbon corresponds to

0.0125 ohms resistance. At the same time the furnace

was shortened by placing asbestos board partition on

each side 2 ins. (5.08 cm. from the electrode. The re-

mainder of the space was filled with sand.

Fig. 2 illustrates this furnace set up ready to melt.

Fig. 3 illustrates this furnace set up with heating

carbon removed and electrolysis taking place.

/T£ BtJICti

Fig. 3.

INSTRUCTIONS ISSUED FOR THE RUNS.

These instructions are the combined results of our

experience and those of the various experimenters

cited by Neuman & Olsen.'

The instructions are as follows

;

1. Make 4 kg. of a mixture:

Runs

I and 2,

Per cent

Alumina 20

Natural cryolite 80

2. Melt up 3 kg. of charge at once,

remainder as the bath becomes diminished.

Runs

4 and 5,

Per cent

15

85

Run

3

old charge

Add the

''Metallurgical and Chemical Engirieering, S, 1S5.
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3 Remove the heatine carbon as soon as the bath 8. Keep crust broke,, on at least one side of elec-

. ^\ u^ a -A
"

trode. Crushed coke around the electrode will tend
IS thoroughly tluid.

4. Add alumina to bath everv 30 minutes. Ouan- to keep crust sott.

titv to be calculated on assun^ption of 50 per cent cur- 9. Take voltage and current readmgs every hve

ca minutes.
rent efficiency.

c. Use anodic current density of 3 amperes per rusvi.ts of runs.
, , ^, ,

•^
. ^ Fi"- 4 shows the current readings in each ot the 5

square centimeter. '"^^ "^

;..... J .• • 4 •--^—- -""

Fig. 4.

6 If anode effect causes trouble, i. e., current sud- runs, 15-minute readings only being plotted.

Pig- e shows the voltage readings of each of the 5
denlv drops -^ &• o ,.,,, ^^ j

(I) Open and close circuit quicklv runs. 15-mmute readings only being plotted.

(•.) Add a charge of alumina Fig. 6 gives the complete history of run No. 5-

(3) Tap electrode sharplv The foregoing instructions were more closely followed

Fig. 5.

(4) If none above effective, try adding in this run than in any of the others, and it thus can

crvolite. be taken as a sample of the possibilities of the method.

7. If voltage gradually rises at constant current. The results of all five runs are given in Table I.

add. in order named, alumina, mixture, or cryolite. Same apparatus used in every case,

whichever brings the voltage down. Area of carbon anode = 103 sq. cm.
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Time of Av. Av.
Run. Hlcctrolvsis. Volts. Amps.

1 .ill. ^Tm.'. 12.5 269.4

2 .ih. 45ni 12.5 284.6

;^ 3h. 5ni 12.:i 295.2

4 Ih. 30m 9.8 257.4

5 4h. 27m 9.5 307.4

•r.\BLK I.
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results are to be expected under the following con-

ditions :

Mi.v: 85 per cent natural cryolite; 15 per cent

alumina.

Current Density: Approximately 3 amperes per sq.

cm. of anode surface.

2. The anode effect appears to consist of two

kinds

:

(a) Gaseous envelope which opens the circuit. This

can be remedied by opening and closing the circuit or

tapping the electrode.

(b) Non-wetting of the electrode, thereby causing

numerous small arcs to form from electrode to electro-

lj"te. This causes the voltage necessary to be in-

creased, and appears to be remedied by addition of

alumina or cryolite, although it is present in some

degree during the entire run.

3. In the hands of students, using the apparatus

as above designed, and following the instructions as

closely as students usually do, we should expect to

obtain an ampere efficiency of about 60 to 70 per cent.

ECONOMY TESTS OF A TURBINE-DRIVEN
FURNACE BLOWER.

Fruit waste, particularly apple and pear peelings

and cores, is imported into Germany on a considerable

scale, notwithstanding that the duty of 4 marks per

100 kilos (95 cts. per 220 lbs.) is the same as the duty

on sound dried fruit. The total importations amount-

ed to 3,117 tons in igio, as against 2,219 tons in 1909,

of which the United States furnished 2,979 tons in

1910, as against 2,201 in 1909. The principal and

probably the only users of evaporated peelings and

cores are the syndicated jelly manufacturers, who
buy their raw materials through their own managing
director. These manufacturers are able to use not

only apple and pear waste, but also apricot and plum
waste, all of which must be properly dried, the apple

and pear waste being shipped in casks and sacks and

the other waste in pressed bales and sacks, package to

weigh at least no lbs. gross.

The chief mineralogist of the Canadian Geological

Survey for the past few months has been studying

the olivine-bearing rocks of Canada, which often con-

tain asbestos, chromite, platinum, and. in some cases,

diamonds. Some of his examinations were into

chromite ore from the Montreal pit, near Black Lake.

Until last year this mine was worked for chromite and

he has established beyond all doubt that this ore con-

tains an appreciable proportion of diamonds in small

crystals. The discovery may prove of economic value.

The diamonds are too small to be of use as gems, their

size being microscopic, but there are so many of them
that it is a question whether or not it would pav to

separate them as a by-product in the concentration of

chromite and sell them as diamond dust, which is

much used in tlie cutting and polishing of diamonds
and other gems.

In the power plant of the Boston ^^oven Hose &

Rubber Co., Cambridgeport, ]\Iass.. steam turbine

driven blowers, made b\- the Exeter Machine Works,

Exeter, N. H., have been installed, with a reduction in

coal consumption of about 1 1 per cent, states the Iron

Age. Before the installation of the blowers 378 tons

of coal were burned per week, costing $1,512. After

the blower installation the coal consumption was 336

tons, costing $1,344, which is equivalent to a saving

of $168 per week, or $8,736 per year. Exhaust gases

from the furnace contained 14 per cent of carbon

dioxide.

In an evaporation test on one of the boilers fitted

with one of these blowers, reported by J. C. Long,

chief engineer of the Boston ^^'oven Hose & Rubber

Co., the coal used was a mixture of half anthracite

wharf screenings antl half Xew River coal. The
water evaporated per pound of coal as fired was 8.64

lb. The equivalent evaporation from and at 212° F.

was 10.35 lb. The cost of the fuel used in evap-

orating 1000 lb. of water from and at 212° F. was

14.6 cts. The reduction of coal cost due to the turbine

blowers is $27.60 per day. The boiler tested was a

72 in. X 18 ft. horizontal return tubular boiler, with

1.614 sq. ft. of heating surface and 36 sq. ft. of grate

surface. The forced draft pressure was i^^ in. The

blower on this boiler has been operated at as low as

30 lb. pressure, and at this pressure the blower made

6.05 revolutions per minute.

Advantages of using the Exeter turbine blower are

tlie saving in coal, the reduction of the amount of

clinkers and smoke, the increase in the capacity and

the ability to burn cheaper fuel. The blower is small

and space can easily be found for it. It is recom-

mended that it be placed against the side of the boiler

and connected with a small steam pipe for the supply

and arranged to discharge under the grate. A damper

may be placed on the discharge to regulate the supply

and deflect it to the ash pit floor so that the distribu-

tion is uniform. With or without such a damper a

pressure regulator can be applied on the steam supply

which will take care of the turbine operation auto-

matically so that it requires no attention, or a damper

regulator can be used and a connection made to a

lever valve in the supply pipe. When the turbine can-

not be placed in the position suggested it may be

located in the rear or on top of the boiler or on a

bracket on the wall or anywhere that is handiest for

piping the air to deliver under the fire.

Leather waste treated with tar has been used for an

English road. It is stated that after nearly a year's

traffic there were no signs of wear.
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METALLOGRAPHY AND ITS INDUSTRIAL
IMPORTANCE.-

By ALBERT SAUVEUR.t

This paper deals with a subject which was not

taught at the Massachusetts Institute of Technology

during- my stay at that institution, and which was not

even mentioned in the class room. Indeed, metallog-

raphy at that time had just been born and had not

attracted greater attention than is generally bestowed

on infants outside the family circle. If I have con-

tributed a mite to the growth of the child—to the

progress of metallography—why, then, should my
Alma Mater be entitled to any credit? Why should I

not claim for myself and retain undivided whatever

merit be attached to the contribution of my mite?

The reply is obvious. While 1 did not acquire, even

the rudiments of metallography, in passing through

the institute, I entered it with an untrained mind and

left it with a mind satisfactorily trained for scientific

pursuit. This is my greatest debt of gratitude to my
Alma Mater, It is why the institute is entitled to the

lion's share of the aforesaid credit. This incident is

only a passing illustration of what, to me, is becom-

ing- more and more evident, as the years go by, namely,

that it is not the knowledge acquired at the school or

university which is later of vital importance to us,

but rather the training of the mind which the ac-

quirement of that knowledge implies. It is this

training—this peculiar attitude of the mind—which

distinguishes an educated from an uneducated man.

But such mental attitude is to be secured only through

the efforts involved in the acquirement of knowledge.

Have not most of us forgotten a large portion—shall

I say three-fourths—of the knowledge obtained at

college, ten years after graduation? Do we cease

then to be educated men? Are we less educated?

Clearly not, for we retain, and possibly have devel-

oped further, that mental attitude—that way of look-

ing at things—•which distinguishes the educated men.

If this be so, does it matter then what we do study

while at the University or Technical School. While

I am not prepared to say that this is immaterial pro-

vided we study enough to train our mind, I do not

believe that the selection of courses has the impor-

tance generally attached to it. I do believe that the

educational value of a subject depends more upon its

mind training power than upon the specific kind of

knowledge which it aims to impart. Hence the value

*Paper presented before the Congress of Technology at the
50th Anniversary of the Granting- of the Charter of the Massa-
rliusetts Institute of Technology.
tProfessor of Metallurgy, Harvard University. Cambridge.

Mass.

of mathematics, even for those who never e.xpect to

be called upon to perform after leaving college, more

than the lour elementary operations. It is, of course,

evident that the natural bend of the mind should be

followed in the selection of studies—that persons

with decided scientific inclination should take up

chiefly scientific studies, those with literary taste,

classical subjects, etc.—but the value of greater spe-

cializing for the purpose of education is, to me, be-

coming daily more doubtful. A scientific education

should be obtained in four years during which a

sound knowledge of the pure sciences and the rudi-

ments of the most important applied sciences should

be acquired, thereby securing the desired mental at-

titude and scientific way of thinking. If the student

then desires to take up as his life's work the applica-

tion of science in some well recognized field such as

one of the various engineering professions, his gen-

eral scientific training should be followed by a course

of two years of as practical a character as possible

and devoted exclusively to applied science in his

chosen field. During these two years specializing

could hardly be carried too far. The student for in-

stance, should make up his mind, not only to spe-

cialize in mining and metallurgy but in mining or

metallurgy, and in the latter case whether his special

training will be in the metallurgy of iron and steel or

of the non-ferrous metals. Should he select iron and

steel, his two years of post graduate work should be

devoted exclusively to that one subject or practically

so. In short, for the purpose of education and gen-

eral fitness to take up a man's burden let us provide a

program of study as broad as possible avoiding spe-

cialization, wdiile for preparation in any one field of

applied science let us frankly face the need of spe-

cializing ; at this stage it could hardly be too exces-

sive. The prevailing practice is, of course, very dif-

ferent, the young man being made to specialize upon

entering college or possibly upon beginning his sec-

ond year, and, therefore, at a period when very few

can make an intelligent choice. Should he then de-

cide to qualify himself for useful work in the manu-

facture of iron and steel he is required to follow for

three or four years a number of prescribed studies of

mining methods, ore dressing, the metallurgy of the

non-ferrous metals, while learning relatively very lit-

tle of his chosen subject, iron and steel. His general

scientific training is narrowed while the specialized

knowledge acquired is not the kind he wanted. He
leaves college a less broad man than what he might

have been with scientific infonnation in his chosen

field too limited for immediate useful application.

Nor can it be reasonably argued that six years is too
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long a period of time to devote to preparation for en-

gineering- work, for it would be an admission that

professional work in applied science does not call for

as broad and careful training as that now required by

the best schools for the practice of law or of med-

icine.

Twenty years ago the science of metallography

was practically unknown and it is only within the

last 15 years that it has been seriously considered

by metal manufacturers and consumers as a valuable

method of testing and investigation. That so much
has been accomplished in so short a time is highly

gratifying to the many workers, practical or scien-

tific, who have contributed by their efforts to the

progress of metallography.

To realize the practical importance of metallog-

raphy, it should be borne in mind that the physical

properties of metals and alloys, that is, those proper-

ties to which these substances owe their exceptional

industrial importance, are much more closely related

to their proximate composition than to their ultimate

composition, and that microscopical examination re-

veals, in part at least, the proximate composition of

metals and alloys, whereas chemical analysis seldom

does more than reveal their ultimate composition. It

will bear repeating that from the knowledge of the

proximate composition of a certain industrial metal

or alloy we are able to infer its properties and, there-

fore, predict its adaptability, with a much greater

degree of accuracy than if we knew only its ultimate

composition. The analytical chemist may tell us, for

instance, that a steel which he has analyzed contains

0.50 per cent of carbon, without our being able to

form any idea as to its properties, for such steel may
have a tenacity of some 75,000 lbs. per square inch

or of some 200,000 lbs., a ductility represented bv an

elongation of some 25 per cent or practically no duc-

tility at all ; it may be so hard that it cannot be filed

or so soft as to be easily machined, etc. The metal

microscropist, on the contrary, on examining the

same steel, will report its structural, i. c, its proxi-

mate, composition, informing us that it contains ap-

proximately 50 per of ferrite and 50 per cent of

pearlite and we know at once that the steel is fairly

soft, ductile and tenacious, or he may report the

presence of 100 per cent of martensite and we know
that the steel is extremely hard, very tenacious and

deprived of ductility. Which of the two reports is

of more immediate practical value, the chemist's or

the metallographist's ? Surely that of the metallog-

raphist. Xor is it only in the domain of metals that

we find such close relationship between properties

and proximate composition, for, on the contrary, it

is quite true of all substance. How many organic

bodies, for instance, have practically the same ulti-

mate composition and still are totally unlike in prop-

erties because of their different proximate composi-

tion, i. c, different grouping and association of the

ultimate constituents? If we were better acquainted

with the proximate composition of substances many
unexplained facts would become clear to us. Unfor-

tunately the chemist too often is unable to give us posi-

tive information in regard to the proportion of the

ultimate constituents only his reference to proxi-

mate analysis being of the nature of speculation. Ul-

timate analysis has reached a high degree of perfec-

tion in regard to accuracy as well as to speed of

methods and analytical chemists have built up a mar-

velous structure calling for the greatest admiration.

Their searching methods never fail to lay bare the

ultimate composition of substances. But how much
darkness still surrounds the proximate composition

of bodies and how great the reward awaiting the lift-

ing of the veil ! The forceful and prophetic writing

in 1890 of Professor Henry Y. Howe naturally comes

to mind. Speaking of the properties and constitution

of steel. Professor Howe wrote

"If these views be correct, then, no matter how
accurate and extended our knowledge of ultimate

composition, and how vast the statistics on which

our inferences are based, if we attempt to predict

mechanical properties from them accurately we be-

come metallurgical Wigginses.

"* * *
; ultimate analysis never will; proxi-

mate analysis may. but bv methods which are not yet

even guessed at. and in the face of fearful obstacles.

"How often do we look for the coming of the mas-

ter mind which can decipher our undecipherable re-

sults and solve our insoluble equations, while if we
will but rub our own dull eyes and glance from the

petty details of our phenomena to their great out-

lines their meaning stands forth unmistakably ; they

tell us that we have followed false clues, and paths

which lead but to terminal morasses. In vain do we
flounder in the sloughs and quagmires at the foot of

the rugged mountain of knowledge seeking a royal

road to its summit. If we are to climb, it must be by

the precipitous paths of proxiinate analysis, and the

sooner we are armed and shod for the ascent, the

sooner we devise weapons for this arduous task, the

better,

"By what methods ultimate composition is to be

determined is for the chemist rather than the metal-

lurgist to discover. But, if we may take a leaf from

lithology, if we can sufficiently comminute our metal

(ay, there's the rub!), by observing differences in

specific gravity (as in ore dressing), in rate of solu-

bility under rigidly fixed conditions, in degree of at-

traction by the magnet, in cleavage, lustre, and crys-

talline form under the microscope, in readiness of

oxidation by mi.xtures of gases in rigidly fixed pro-

portions and at fixed temperatures, we may learn

much.

"Will the game be worth the candle? Given the

approximate composition, will not the mechanical

properties of the metal be so greatly influenced by

slight and undeterminable changes in the crystalline
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form, size, and arrangement of the coniixjnent min-

erals, so dependent on trifling' variations in mannfac-

turc, as to be still onl\- roughly deducible?"

The above was written before the days of metal-

lography or at least when metallography had barely

appeared in the metallurgical sky and when no one

\et had fancied what would be the brilliant career of

the newcomer. Metallography has done much to sup-

ply the need so vividly and timely depicted by Pro-

fessor Howe, precisely because by lifting a corner

of the veil hiding from our view the proximate com-

position of metals and alloys it has thrown a flood of

light upon the real constitution of these important

products. Has the game been worth the candle?

Will anyone hesitate to answer in the affirmative

Professor Howe"s question?

Professor Howe with his usual acumen and con-

scious of the fact that proximate analysis while likely

to reveal a great deal more of the constitution of

metals than ultimate analysis ever could, might still

leave us in such ignorance of their physical structure

as to throw but little additional light upon the sub-

ject. His fear was certainly well founded and surely

if the proximate composition had been obtained by

chemical analysis it would indeed have told us little

of the structure or anatomy of the metals. In the

domain of proximate composition chemistry can not

do more for the metallurgist than it does for the

physician. Invaluable information chemistry does

give without which both the physician and the metal-

lurgist would be in utter darkness, but it throw-s lit-

tle or no light upon the anatomy of living or inani-

mate matter. Its very methods wdiich call for the

destruction of the physical structure of matter show

how incapable it is to render assistance in this, our

great need. The parallel drawn here between metals

and living matter is not fantastic. It has been aptly

made by Osmond who said rightl\- that modern sci-

ence was treating the industrial metal like a living

organism and that we were led to study its anatomy,

/. e., its physical and chemical consitution ; its biology,

i. c, the influence exerted upon its constitution by

the various treatments, thermal and mechanical, to

which the metal is lawfully subjected; and its pathol-

ogy, i. c, the action of impurities and defective treat-

ments upon its normal constitution.

Fortunately metallography does more than reveal

the proximate composition of metals. It is a true

dissecting method which lays bare their anatomy, that

is, the physical grouping of the proximate constitu-

ents, their distribution, relative dimensions, etc., all

of which necessarily affect the properties, for two

pieces of steel for instance, might have exactly the

same approximate composition, that is, might con-

tain, let us say. the same proportion of pearlite and

ferrite and still diff'er quite a little as to strength,

ductility, etc., and that because of a different struc-

tural arrangement of the two proximate constitu-

ents ; in other words because of unlike anatomy.

It is not to be supposed that the path trodden dur-

ing the last score of years was at all times smooth

and free from obstacles. Indeed the truth of the

proverb that there is no royal road to knowledge was

constantly and forcibly impressed on the mind of

those engaged in the arduous task of lifting metallog-

raphy to a higher level. Its short history resembles

the historv of the development of all sciences, .^t the

outset a mist so thick surrounds the goal that only

the most courageous and better equipped attempt to

pierce it and perchance they may be rewarded by a

gleam of light. This gives courage to others and the

new recruits add strength to the besieging party.

Then follow the well known attacking methods of

scientific tactics and strategy and after many defeats

and now and then a victorious battle the goal is in

sight—but only in sight and never to be actually

reached, for in our way stands the great universal

mystery of nature; what is matter? What is life?

Nevertheless there is reward enough for the scien-

tist in the feeling that he has approached the goal,

that he has secured a better point of vantage from

which to contemplate it. The game was worth the

candle. And if scientific workers must necessarily

fail in their efforts to arrive at the true definition of

matter, w-hatever be the field of their labor, they at

least learn a great deal concerning the ivays of mat-

ter, and it is with the ways of matter that the material

world is chiefly concerned. Hence, the usefulness of

scientific investigation, hence tlie usefulness of met-

allography.

Like any other science with any claim to commer-

cial recognition, metallography has had first to with-

stand the attack and later to overcome the ill-will and

reluctance of the so-called "practical man" with a

decided contempt for anything scientific. Pie repre-

sents the industrial philistine clumsily standing in the

way of scientific application to industrial operations.

Fortunately, while his interference may retard prog-

ress, it cannot prevent it. Had he had his own way
neither the testing machine, nor the chemical labora-

tory, nor the metallographical laboratory, nor the

pyrometer, would ever have been introduced in iron

and steel works.

In metallography as in other fields of research,

American workers, with very few exceptions, have

been quite willing to let Europeans perform the ardu-

ous and general unrewarded task of the pioneer, be-

ing content to wait, before entering the field, until

practical results were fairly in sight. Such course,

which is never to be concealed, becomes intolerable

when accompanied, as it so frequently is, by the

coarser boasting attitude of the man believing him-

self smarter than his neighbor whom he regards in

the light of a cat drawing the chestnut from the fire.

.•\merica, barring brilliant exceptions like Richards

at Harvard, and Noyes at Massachusetts Institute of

Technology, does not as yet do her share of the pio-

neer's work in investigations which do not give evi-

dent indications of quick commercial returns. The
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unselfish, nay self-sacrificing spirit of the true scien-

tist is of far rarer occurrence in the United States

than it is in Europe and especially in France. Amer-
ica has not yet produced a Pasteur nor a Berthelot,

intellectual giants, profound scientific thinkers, whose

conception of the duty of the scientist as a man is so

lofty that they have despised the wealth within their

easy reach to devote themselves unreservedly to the

bettennent of their country or rather of the world,

for they are morally so great that the entire world

becomes their fatherland ; humanity claims them.

Speaking in 1904 of the practical value of metal-

lography in iron and steel making, I wrote the fol-

lowing, which it may not be out of place to repro-

duce here : "History, however, must repeat itself,

and the evolution of the metallographist bids fair to

be an exact duplicate of the evolution of the iron

chemist ; the same landmarks indicate his course : dis-

trust, reluctant acceptance, unreasonable and foolish

expectation from his work, disappointment because

these expectations were not fulfilled and finally the

finding of his proper sphere and recognition of his

worth. The metallographist has passed through the

first three stages of this evolution, is emerging from

the fourth and entering into the last. For so young a

candidate to recognition in iron and steel making, this

record is on the whole very creditable."

We may say today that he has definitely entered

the last stage and that the adverse criticism still

heard from time to time, generally from the pen or

mouth of ignorant persons, are like the desultory

firing of a defeated and retreating enemy.

In the United States alone the microscope is in

daily use for the examination of metals and allovs

in more than two hundred laboratories of large in-

dustrial firms, while Metallography is taught in prac-

ticallv everv scientific school or technical school.

TROPENAS CONVERTER WITH DOUBLE
DOOR BOTTOM.

Arthur D. Little, Inc., Chemists and Engineers,

Boston, Mass., have been selected to organize and

direct an Engineering Department for the General

Motors Co., Detroit, Mich. Mr. D. T. Randall, the

resident director, has been connected with the former

organization for some years, and has had extended ex-

perience in engineering prolilems as well as in the

equipment and direction of several testing laboratories.

Mr. Randall was formerly professor of mechanical

engineering at the University of Illinois, and later

was in charge of the fuel investigations and pro-

ducer and gas engine tests carried on bv the U. S.

Government. He will be assisted in his new position

by several men detailed from the Arthur D. Little,

Inc.. org-anization.

The total quantity of Portland, natural and puzzolan

cements produced in the United States during igio

amounted to 76,934,675 bbls.. valued at $68,052,771.

This is an increase of 10,244,960 bbls. over the 1909

production.

The Tropenas Converter Co., New York, according

to The Iran Age, recently transformed a crucible steel

foundry into a converter foundry without suspending

operations. Up to Feb. 21 the LTnion Steel Casting

Co., Boston, was making small steel castings by the

crucible process, having four batteries of 10 crucibles

each. To make room for the converter two of the

furnaces were torn out, while the other two remained

in continuous operation. On Feb. 22 the plant was

shut down, the finishing touches were put to the new
equipment, and on Feb. 2t, the first blow was made,

which proved to be perfectly satisfactory.

One of the main reasons for changing from the cru-

cible to the converter process was the high price of the

finished product due to the cost of crucibles, the com-

pany's allowance for this item being an average of i

cent per pound. As against a monthly crucible bill of

$600 for a small foundry, the necessary repairs to the

lining of a small converter are put at less than $100 a

year.

After 100 blows of the new "baby" converter, only

one casting weighing a few ounces was returned.

Tests showed also that the converter steel met the

specifications readily and most of the time exceeded

them.

With the installation of this Boston plant the Tro-

penas Converter Co. brought out its new drop bot-

tom converter. The criticism had often been made

that in a one piece converter it was practically im-

possible to cool the lining quickly enough after a

day's blowing, so as to allow a man to enter the con-

verter the next moriiing and do the necessary patch-

ing. For a foundry wanting to cast every day it

meant that a second converter had to be installed.

Finally A. Tropenas. inventor of the process, thought

of equipping the converter with a double door bottom,

similar to that in use on the cupolas of iron foundries.

The plan had been tested out in Europe, but the con-

verter in Boston was the first one of this kind in the

United States.

The procedure is as follows: After blowing, the

bottom doors are dropped and the lining forming the

bottom of the converter is knocked out. The opening

thus created allows the air to circulate freely and the

converter is perfectly cold every morning. To use

the converter again the doors are closed, a special com-

position bottom lining rammed up on top of them, and

l>y the time the converter is heated enough to receive

the iron the bottom is entirely dried out. The new

bottom has an added advantage in leaving a very large

opening through which a man can enter the converter

and do the necessary patching without being cramped

for room.

The U^nion Steel Casting Co. makes a specialty of

very small castings and employs only 12 molders. The

following is the daily schedule

:
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7:00 a.m. arrival of workmen.
7 ;00 a.m. to 7 :-lo a.m.. patching up of converter and cupola.

7 ;45 a.m., fire started in converter.

t>:l"> a.m., tire started in cupola.

10 :2o a.m., blast on cupola.

10 Ail a.m., first tap from cupola.

No. of blow. Blow started. Blow ended. Duration of blow.

1 10:34 a.m. 11:05 a.m. 11 min.

2 11:24 a.m. 11:35 a.m. 11 min.

3 11 :57 a.m. 12 :08 p.m. 11 min.

4 12 :28 p.iTi. 12 :38 p.m. 10 min.

5 12 :59 p.m. 1 :09 p.m. 10 min.

6 1:30 p.m. 1:40 p.m. 10 min.

7 2 :02 p.m. 2 :12 p.m. 10 min.

8 2 :35 p.m. 2 :45 p.m. 11 min.
;i :00 p.m., pour off.

.'! :00 to 5 :00 p.m., molders resume molding and laborers

sliake out molds and temper the sand.

The approximate capacity of the newly installed

converter is 1,200 lbs., making the amount of steel

poured in a day 9,600 lbs., all taken out of the con-

verter in bull ladles.

AN ELECTRIC FURNACE FOR HEATING
BARS AND BILLETS.-

It has been discovered by a man in Hanover, Ger-

many, states the Australian Mining Journal, that if

hard water, previous to being fed into a boiler, were

allowed to run over a plate of aluminum set at an

angle and exposed to sunlight or diffused daylight,

no scale would be formed through the action of such

water on the boiler plates or tubes. The solid matter

contained in the water deposits as a fine mud, which

is easily removable on the lowest part of the boiler,

consequently the tedious process of chipping ofif the

scale is obviated. This process was tried at the Pro-

prietary Company's Port Pirie Works. Broken Hill,

Australia. Two plain alumiinim sheets, each 4 ft. by

2 ft., were fixed in a frame at an angle of 59 degrees,

facing the sun. Water from the main was then al-

lowed to flow over the plates from a perforated pipe

fixed at the upper edge. A sufficient quantity of the

water was run over the plates in the daytime and

stored to supply a Lancashire boiler for 24 hours. Mr.

J. F. H. Hill, responsible for this treatment, states

that the cause of the phenomena has not been ascer-

tained.

The world's production of zinc for the last three

years, according to JNI. M. Rudolf Wolff, Kreuger &
Co., was as follows

:

1910. 1900. 1008.

Tons. Tons. Tons.

Belgium 109,998 164,511 102,180

Silesia 138,100 140,625 138.092

United Kingdom of Great Britain 86,262 79,152 72,874

France 50,586 49,237 48,701

Roumania 60,870 58,799 .53,580

Holland 20,001 19,233 10,083

Poland :. 12,500 12,926 13,041

Austria 13,200 13,140 11,889

Spain 0,440 6,011 6,263

Italy 75

Total Europe 5-58,623

Australia 000

United States 238,770

543,040 524,593

1,109

239,478 183,040

By THADDEUS F. BAILEY.

Total production

Average price in London.

.797,993

,
23-0-0

783.124

23-3-0

708,802

20-3-0

The possibility of an electric furnace for heating

metal without melting it was suggested by the writer

some years ago on noting the very wasteful and ther-

mally inefficient oil-fired furnaces for heating forging

stock used in a comparatively modern plant in north-

ern Ohio.

A calculation of the thermal efficiency of the fur-

naces in question, which were said to be of the most

modern construction, showed that less than 4 per cent

of the heat value of the fuel was delivered into the

steel. The technical press and various publications at

the time contained a number of descriptions and tests

of electrical furnaces then in use in the chemical in-

dustry, and also of furnaces for melting and refining

steel. The thermal efficiency of these furnaces was

given at from 40 to 80 per cent, and it was at once

apparent that if a thermal efficiency of even 40 per

cent could be realized in a furnace for heating stock

such as was heated in oil furnaces at a thermal effi-

ciency of only 4 per cent, that a very considerable

loss could be allowed in the means for converting the

heat value of any fuel into electrical energy for use

in electric heating furnaces, and still effect a saving.

Taking even a case where the least efficient of the

modern prime movers—the non-condensing steam en-

gine—was used for generating power, allowing a net

thermal efficiency of 5 per cent for conversion of the

heat value of the local into electrical energy, and as-

suming an electrical ftirnace efficiency of 40 per cent,

the net over-all efficiency for the entire heating equip-

ment would be 2 per cent. The fuel for creating the

steam, however, would cost only one-third as much

per heat unit as would the fuel oil for oil furnaces.

The commercial effieiency. then, as far as cost of fuel

alone was concerned, would be 335^ per cent in favor

of the electric equipment, in spite of the low efficiency

of the steam engine. Considering steam engine—low

pressure turbine units, or gas engine driven units in

place of the steam engine unit above considered, the

probable efficiencies of electrical furnace equipments

seemed favorable enough to deserve a place in the

industry, while in plants where there was a large sup-

ply of exhaust steam available, as is the case in the

majority of forge plants, electric energy could be so

cheaply produced by means of the low-pressure tur-

bine that no type of direct-fired furnace could hope to

compete with such equipment in cost of heating. Tlie

only question, then, seemed to be whether an electric

heating-furnace could be designed to successfully heat

metal in thermal efificiencies above a given limit.

The greatest difficulties encountered in the opera-

tion of the first experimental furnaces were due

largely to lack of sufficient electric current and con-

*Paper presenter! at the 19t!i general meeting of tlie American
Electrochemical Society in New York City, April 6-S, 1911.
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trol devices. Suitable equipment was, however, ob-

tained by installing the 120 kw. generator and trans-

former equipment mentioned later at the plant of the

Transue & Williams Co., Alliance, O., which com-
pany very generously supplied the power for driving

the generator from their gas engine for all the runs

on the furnace.

The following is a description of the furnace

evolved out of the experiments commenced over four

years ago. Reference may be made to Fig. i, a right-

left section ; to Fig. 2, a front-back middle section

;

and to Fig. 3, sectional plan of the furnace.

The furnace is of the resistance type, and consists

r :^:w/////M//.;';'!ii'^'/w4!m'/'',mmx.

I
Fig. 1.

essentially of two carbon electrodes, spaced from
each other, and an intermediate resistance body of a

carbonaceous composition in which the heat is gen-

erated. In the space directly above the resistance

material and directly under the roof of the furnace

is placed the metal to be heated, a ledge at the rear

^

IM<

[L^ L..X._Ji

Fig. 2.

of the furnace and one at the opening supporting the

bars or billets as the case may be. The electrodes

enter the furnace through the rear wall, and are

placed slightly convergent, so that the path of the

electric current will be shorter from electrode to elec-

trode at the front of the furnace than at the back.

This arrangement compensates for the cooling effect,

which is greater in the front of the furnace on

account of the opening and the charging of the cold

material. The electrodes entering the furnace from

the rear present comparatively large contact surfaces

to the resistance material, without tlie use of special

electrode sections. The electrodes are also placed in

a plane above the resistance material, which throws

the shortest path for the electric current in the upper

part of the resistance body and nearest the metal.

This is a feature that seems almost indispensable to

the successful operation of a furnace of this character,

since in the furnaces constructed without this feature

the cooling of the upper part of the resistance body
by the cold steel caused the electric current to take

a lower path, in which portion of the body the tem-

]>erature became very high and melted out the bottom

linings and the bottom of the furnace itself, and at

the same time did not maintain the heating chamber

at a temperature high enough to heat the metal.

'i"he resistance material is composed of coke or coal,

("rushed foundry coke passing over a o.25-in. (6mm.

)

Fig. 3.

ring and through a 0.37-in. (9 mm. ) ring giving the

most satisfactory and uniform results. For a 40-kw.

furnace, heating 150 lbs. (69 kg.) of metal per hour,

the distance between electrodes should be 36 ins.

(90 cm.) and the cross-sectional area about 24 sq. in.

(150 sq. cm.). To maintain an electrical input of 40
kw., a voltage of 200 would be required with a coke

resistance bodv ; if the body is composed of coal, the

voltage should lie about 150 volts. It is extremely dif-

ficult to determine the effective cross-sectional area of

the material through which the electric current passes,

as at working temperatures the lining materials be-

come almost as good conductors of electricity as the

resistance material itself. The resistance body as it

approaches the electrodes has a very greatly in-

creased cross-section, so as to provide a better contact

with the electrodes, prevent undue heating at the

point of contact, and prevent, to as great an extent as

possible, the dissipation of heat through resistance to

the passage of the current except at that part of the

resistance bod^' directlv under the metal. Thus in a
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way these iiicicased cross-sections perform tlie mis-

sion of electrodes, as they conduct the current from

the electrodes pro|)er, which arc located in a pro-

tected part of the furnace, to the part where the

transformation into heat is desired, and they do this

without any considerable heat being generated in

these portions themselves.

The most serviceable lining material so far ob-

tained is made of chrome brick and chrome ore, and

while a certain reducing action takes place between

the chrome ore and brick and the carbon of the re-

sistance material, it is not of such nature as to serious-

ly impair its usefulness as a lining material. This

chrome lining is carried up to at least one course

above the resistance material. The lining is readily

accessible for repairs or inspection by removing the

three courses of silica brick directly under the fur-

nace opening.

The top of the furnace is composed of silica arch

brick, and is 9 ins. thick, and clamped from front to

back. A row of chrome arch brick is placed at each

side of the roof to prevent contact of the silica brick

with the carbon in the hoppers above the electrodes.

The sides of the furnace are composed of silica

brick and, in the larger furnaces, are incased in a

sheet steel frame. Insulating material is placed be-

tween the silica brick and the casing.

Tlie furnace base consists of a heavy cast iron

plate supported by cast iron legs or brick piers.

The cable terminals are connected with the elec-

trodes by means of iron sleeves, copper straps and

iron wedges. In making the connection, the iron

sleeve is placed over the end of the electrode and

copper straps placed against the four sides of the

electrode. The copper cable terminal is then placed

between one of the copper strips and the iron sleeve,

and wedges driven in on the opposite side between the

strap and sleeve, and a firm contact thus secured.

Wedges are then driven in on the other two sides

between the copper strips and the sleeve. In this way
the current flow is equally distributed on all four sides

of the electrode by means of the encircling iron sleeve.

The furnace is controlled by means of a regulating

transformer and controller. The transformer gives

full rated output at the lowest voltage rating. While

hand regulation is usually provided, the regulation

may be made automatic at a slight additional cost. A
voltage range of from 33 to 50 per cent is usually

provided, depending oa the operating and starting re-

quirements.

Each furnace is provided with a single-panel switch-

board having mounted on it a voltmeter, ammeter,

watt-hour meter, circuit-breaker and oil switch. The
voltmeter and ammeter indicate at all times the con-

ditions in the interior of the furnace, as irregularities

are readily noticeable on the instruments. The watt-

hour meter enables accurate data to be kept on the

current consumption for heating any particular class

of work.

The temperatures that may be obtained are limited

solely by the electrical input and the temperatures

allowable by the refractory linings of the furnace. The

temperature usually maintained in a furnace for the

rapid heating of stock for automobile forgings is such

as to cause the fusion of the ends of the silica brick

forming the roof, and is probably not less than 3200°

F. (1765° C). The resistance material, of course,

reaches a much higher temperature. \Vhen working

at the highest temperatures usually met in forge

practice, a renewal of the lining of the bottom of the

furnace will be required every two to three weeks.

The replacing of the lining or portions of it anfl

the replenishing of the resistance material are the

only items that may be classed as renewals, and should

not exceed, in furnaces heating 150 pounds of metal

per hour, working at the highest temperatures, an

average of 20 cts. per day for lining material and 5

cts. per day for resistance material.

The metal being heated is maintained in a reducing

atmosphere, the high temperature carbon resistance

material giving off a gas of a reducing nature. The

electric furnace is the only furnace built in small units

in which both a high temperature and a reducing at-

mosphere may be maintained. The saving in oxida-

tion loss is very considerable in small furnaces of this

character, as the loss from oxidation in the usual

combustion furnace is the cause of the loss of a large

number of forgings, due to the fact that a piece of

stock, having lost a considerable amount of metal by

the oxidizing fiame of the combustion furnace, does

not contain enough metal to fill the dies.

The thermal efficiency of the furnaces varies with

'.he size, the percentage of operation at full capacity

and the ruling temperature required. Efficiencies of

from ^T^ to 65 per cent may be expected in furnaces

with heating capacities of from 120 pounds (55 kg.)

per hour to 1,000 pounds (455 kg.) per hour.

Reference was made in the first part of this paper

to the experimental furnace installed at the plant

of the Transue & Williams Co., and a description

of the apparatus and results obtained may be of in-

terest.

The power for driving the generator was supplied

by a 12 by i6-in. (30 by 40 cm.) Buckeye four-

cylinder' twin single-acting gas eng^ine, which not

only drove the generator for supplying current to

the furnace, but also for driving a portion of the

motors in the machine shop, so that only part of the

time was sufficient power available for furnace opera-

tion. Belted to the fly-wheel of the gas engine was

the i20-kw., 2-phase, 440-volt revolving field alterna-

tor, only one phase of which was connected up. The

leads from this phase were connected with the low-

tension terminals of a 37 5-kw.. 440 to 2,200-volt

transformer. The current was then stepped down

by means of a 2,200-220 or iio-volt transformer, the

coils on the low-tension side being so connected

through a double-throw switch for either series or
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parallel operation, so that a normal voltage of either

no or 220 volts could be obtained. The variations

between no volts and 220 volts on the lower voltage

and also on the voltages above 220 were obtained by

varying the field of the alternator. By this arrange-

ment a possible voltage range could be obtained of

from 90 to 300 volts, which was more than ample

for conditions of operation. Inability to readily ob-

tain a 2,200-volt generator of proper size accounted

for the use of the 440-2,200 step-up transformer.

From the double-throw switch the current was con-

ducted to the furnace, located in the forge shop, some

75 ft. (22 m.) distant.

The instruments mounted on the switchboard con-

sisted of a 150-volt voltmeter and a 600-ampere am-

meter, both made by the Westinghouse Electric &
Mfg. Co. The voltmeter was so connected that when

the low-tension coils of the step-down transformer

were thrown in parallel, the instrument gave a direct

reading, and when in series, the indicated voltage was

half the actual voltage.

The furnace was constructed substantially in ac-

cordance with the description given in the first part

of this paper, except that air spaces were used in

place of the insulating material shown in Fig. 2, and

it was rated as a 40-kw. unit, having a heating capa-

city of 120 pounds (55 kg.) per hour, the heating

capacity being rated somewhat lower than the usual

practice on account of the high temperature required.

The electrodes were 4x4x48 ins. (10x10x120 cm.)

long, composed of carbon, and were spaced 36 ins.

(90 cm.) from each other. The cross-sectional area

of the resistance material was approximately 24 sq.

ins. (150 sq. cm.). The walls were composed of 9
ins. (22.5 cm.) of silica brick, and were of rather

loose construction, owing to the numerous changes

that were made and to the jar from the hammers in

the plant. The runs on the furnace were made under

rather unfavorable conditions, since the forgings that

were made under the hammer that the furnace sup-

plied were very difficult to make, and unless the

metal was very hot, it would not fill out in the dies.

Much delay was also caused by trouble with both the

hammer and the dies, any such delay affecting, of

course, the amount of metal heated in the furnace.

The stock heated included i'4-i'i. (31 mm.)
square, i^x^^-in. (37.5x15.6mm.) flat, lYz and ]4^-

'"• (37-5 ''"d 21.9 mm.) round bars in lengths from

22^ ins. (56 cm.) to 6 ft. (180 cm.) long; 4 to 12-

in. (10 to 30 cm.) cuts were taken off at each heating

and the bars replaced in the ftuMiace. From 7 to 9
bars were heated at a time.

The current efficiency taken over periods of

hours when heating the heavier of the above men-

tioned stock was from 3 to 33^ pounds (1.36 to 1.52

kg.) of metal per kw. hour. Tables I, II. Ill and

IV are logs of typical runs of some of the sizes of

stock heated.

A voltage of 250 volts was usaully used in starting

the furnace in the morning. From one to two hours

was usauly required to bring the furnace up to tem-

perature. The voltage was then reduced to about

200 volts when using a coke resistance body, or 150

volts for a coal body, which tensions enabled the

required electric input to be maintained.

.Some of the various linings used before the chrome

lining was selected were magnesia, carborundum and

silica. The chrome lining, however, gave by far the

most satisfactory and uniform service, lasting three

weeks without renewal or repair. As only the bot-

tom lining is subjected to very high temperature, it

is practically the only part requiring renewal, and as

the usual bridge wall used in oil furnaces is not

required, that saving compensates for the cost of

renewals of the lining of the electric furnace.

The principal advantages of the electric furnace are

its high thermal efficiency, its non-oxidizing atmos-

phere in the furnace chamber at all temperatures,

and its freedom from soot, smoke and the hot con-

taminating gases of the products of combustion.

There seems little reason to doubt that the electric

furnace will soon occupy an important place for heat-

ing metal such as is now heated in small direct-fired

furnaces.

Table I.

Run Made With Solid Magnesia Lining.

Time of

Charg-
ing. Volts. Amp. Stock. 1st Cut. 2d. Cut. All Out.

0.-.0 1,50 270 fi—li4"n.Kl32" 10.1.5 10.2.5 10.45

IO..5.5 1(50 260 3—l%"nx CG" 11.11 11.15 11.28

12.23 150 270 8—PA'axlSO" 12..38 12.44 12.55

\M 1.53 200 8—lV4"nxl80" 1.12 1.20 1.37

Table II.

Run Made Willi Air-Cooled Maqnesia Lining.

9.25 127 340 8—iy2"x%"x.5'10" 9..33 0.38 10.42

10.51 122 350 8—iy2"x%"x.5' 10" 10..58 11.01 11.19

12.32 128 330 l^^'^'""l°''S'^'^| 12.38 12.41 1.25

l.S 1..38 2.44
I at noon time \

132 330 8—l%"x%"x.5' 10." 1..3,5

Table III.

Rnn Made With Air-Cooled Chrome Lining.

1.20 230 180 .5—iy2"Ox2'0" 1.40 1.51 2.07

2.08 230 180 7—iy2"Ox2'0" 2.30 2.34 3.08

3.17 208 200 7—l%"Ox2'0" 3.30 3.36 3.52

.3.55 204 200 7—iyj"Ox2'0" 4.01 4.07 4.29

Table IV.
Run Made Jl'ith Air-Cooled Chrome Lining.

3..5.5 240 140 8—%"Ox27" 4.00 4.02 4.25

4.16 172 150 8—%"0x 9" 4.30 4.33 4.36

4.37 2.52 120 9—y8"Ox22" 4.40 4.44 4.55

4.57 280 120 8—%"0x 9" 5.01 5.04 5.07

Din-ing the year 1910, 266 samples of bituminous

road materials used in construction were submitted

to certain chemical and physical tests by the chemist

of the Massachusetts Highwa}- Commission. A large

amount of special experimental work was also car-

ried on to test and prove, if possible, the value of the

various analvtical methods used in this and other

laboratories engaged in such work. .\s a result of the

investigations of this kind carried on since the com-

mission began to study the composition of these ma-

terials, certain tests have been worked out that ap-

pear to show with a fair degree of satisfaction, from

a chemist's point of view, the relative value of the

materials for road work.
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NOTES AND COMMENTS.

Ethics in the Practice of Chemistry and Chemical

Engineering.

A paper presented at the summer meeting of the

American Chemical Society, under the above title,

arouFed a jjreat deal of discussion, and was, perhaps,

the most commented on paper of any delivered during

this meeting.

The author brought out facts with which all of us

have been familiar ; that there were many men prac-

ticing as comtnercial analysts, and as consulting

chemists, who ought not to be doing so. Comparison

was made between the legal and medical professions,

and our own. Suggestions were brought out that

possibly existing conditions might be remedied by

some method siinilar to that applied in the

case of the other professions mentioned. The author

of the paper said that remedies to be applied mav
come in one of two ways : either outside the profes-

sion, that is by the passing of some law regulating

the |)ractice of the profession, or from the inside,

that is, by some body with sufficient standing, which

could only be The American Chemical Society, tc

formulate certain regulations to govern the practice

of public analysts and consulting chemists. These

regulations to be enforced by a committee appointed

from and by this Society. The discussion of the

paper was mainly along the lines of meeting the

difficulties which would be encountered in attempting

any such regulation. All of the speakers were agreed

that such regulation, if possible, was highly desirable.

Most of the speakers however were of the opinion

that there were practical difficulties in the way of

formulating and enforcing any such rules, which

would make it impossible to solve the problem in this

way. Hoping that some feasible method might be

found the Division of Industrial Chemists recom-

mended to the Council of the Society the appointment

of a Committee to consider the question of regulating

the practice of the public analyst and the consulting

chemist, this committee to report at the winter meet-

ing of the Society, which will be held in Washington.

Briquetting Lignites.

The results of the investigations into the briquet-

ting of lignite have just been published by the

i^>ureau of Mines in Bulletin No. 14. Charles L.

Wright, who conducted the tests and who is author

of the bulletin, declares that enough testing has been

done to indicate that some ,.\merican lignites equal

German lignites in fuel value and can probably be

made into briquets on a commercial scale without the

use of binding materials.

"Three samples of lignites." says the author, "one

from Texas, one from North Dakota, and one from

California, were made into satisfactory briquets

without the addition of a binder. It was proved that

some lignites after having slacked by exposure can

be made into briquets without the use of binding ma-

terial, notwithstanding a general opinion that this

could not be done. Cohesion and weathering tests

demonstrated that good briquets endure handling and

resist weathering much better than the lignite from

which they are made.

"The tests described apparently show that the cost

(if briquetting run-of-mine lignites with a German
plant, which was used, would be from $1.35 to $1.75

])er ton, according to the location of the plant. The

cost per ton of briquets, loaded on cars, from a

briquet plant at the mine would be, in Texas, $2.51 ;

in North Dakota, $3.53 ; and in California, $5.24.

It must be borne in mind that these figures are only

approximate and are subject to wide changes because

of local conditions. They apply to briquetting run-

of-mine lignite to improve its heat value and weather

resisting properties rather than to briquetting slack

or waste coal. Since the tests have shown that at

least some lignites slacked by exposure to the weather

can be made into excellent briquets, it may be possi-

ble to utilize lignite slack as well as bituminous .slack
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and anthracite screenings for briquetting, the two

latter materials having been made into briquets on a

commercial scale both in this country and abroad.

"Of four samples of raw lignite, three samples con-

tained about 40 per cent moisture and had a fuel

value of 6,079 to 6,241 B. t. u., while a Texas lignite,

with a moisture content of 33 per cent had a fuel

value of 6,840 B. t. u. The percentage of moisture

removed in the process of briquetting ranged from

24 to 32 per cent and the heat value of the briquet

was 36.5 to 54 per cent higher than that of the raw

lignites.

"Excessive moisture in fuel not only causes a waste

of useful heat during combustion, because the mois-

ture is vaporized and the vapor superheated, but also

is a source of expense to the consumer, who pays

freight charges on useless water. For both these

reasons lignite briquets have the advantage over raw-

lignite. In the case of one of the North Dakota lig-

nites the removal of 32 per cent of moisture during

briquetting permits a decided lessening of the cost of

supplying a consumer with a given number of heat

units. The advantage of the briquets in this respect

is of especial importance when transportation to a

distant market is involved. If the briquets possess

no other advantage over raw lignite than their higher

heat value, they would be worth 30 per cent more

than the raw fuel.

A NEW PROCESS FOR PRODUCING A NEW
LOW-PRICED GAS MIXTURE

FROM COAL.

United States letters patent have been just issued

to Mr. George A. Bronder of 309 Broadway, New
York, for a process securing a gas rich in British

thermal units, which seems worthy of more than pass-

ing mention. This mixture is obtained by extracting

all the gas contained in the treated coal and coke, re-

ducing the same to ashes and clinkers, the ammonia

and tar being extracted at the same time. The calorific

value is about 435 B. t. u. per cubic foot, the specific

gravity is about 0.48. and it is non-condensable and

highly compressible. In the treatment i lb. of coal

yields about 20 ft. of gas.

The plant for making this mixture is simple and its

cost is hardly more than half that of an ordinary

plant of like capacity, and as the cost of manufacture

is reduced considerably in consequence, the mixture

can be produced at low price.

About 2" ft. will yield i h. p., and its heating

quality is as stated above. Although it has low candle

power (like natural gas) it gives a high flame tem-

perature in the mantle for equal quantities of gas.

Its main use, however, is intended for the heating

of residence houses and other edifices, where it com-

pares favorably with the cost of coal. Being easily

regulated by a thermostat, the temperature of the

rooms can always be kept even and does away with

all storage of coal, the handling of furnace ashes and

clinkers and attending the furnace.

In connection with this gas mixture a heater has

been tested in a modern house for the past winter,

using gas as fuel, and applied to existing steam coils,

in the so called indirect way, where fresh air is taken

from the outside, heated by the steam coils and dis-

tributed over all the rooms in the house. The par-

ticular house is a detached one, having j^j windows

and 40 doors. It stands on a corner plot of 6 city

lots, next to an open plaza. It required 75.000 cu. ft.

of gas per month to heat it through the cold winter

season.

The heater is built to assure absolute safety, the

air required for the gas burners being taken from the

outside through a pipe. The heater is absolutely tight,

so that no gas can possibly escape into cellar or house,

and all waste gases are led into the chimney. The

waste gases have a temperature of only 92^ to 104°.

The heater can be applied to existing heating systems,

either of steam or hot water types.

—

-American Gas

Lis:ht Journal.

Statistics of the stocks of cotton in spinners' hands

throughout the world on March i. 191 1, show that,

compared with 12 months ago, the stocks are smaller

in practically every country. In Great Britain the

total supplies amount to 399,021 bales, as. compared

with 415,182 bales at the same time last year. The

figures for the United States are 1,525,000 bales,

against 1,674.000 bales 12 months ago. The figures

for all countries are 4,060,740 bales, as compared

with 4,166,688 bales in 1910. The analysis of the

statistics on the basis of stocks in each country calcu-

lated per 1,000 spindles gives Great Britain as 8.20

bales, against 8.50 last year and 9.72 in 1909. The
figures for Germany are 30.62 bales, as compared

with 34.51 bales last year and 04.86 in the year be-

fore. For the United States the figures are 53.51

bales, against 59.79 one year ago and 65.78 in the

year before. The country which holds the largest

stocks is Japan, the figures being 166.79 bales, as

compared with 120.85 ^^^t year and 131.77 bales in

1909. Out of the estimated spinning spindles of the

world in work of 135.596,724, returns have been se-

cured from firms owning 122,226,091 spindles. In

Great Britain returns have been sent in from the

owners of 48,688,061 spindles, out of a total of

53,859,247 spindles. There are 35.565,127 spindles

engaged on .Xmerican, East Indian, and sundry cot-

tons, while the spindles engaged on Egyptian cotton

number 13,122,934.

It is stated that 137.700 tons of phosphates were

exported from Christmas Island in 1910, as compared

with 105,481 tons in the previous year.
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RECENT PATENTS.

The following patents relating to industrial and en-

gineering chemistry are reported by C. L. Parker, so-

licitor of chemical patents, McGill building, Washing-

ton, D. C.

:

994,129 — Manufacture of Sodium Bichromate.

Thomas John Ireland Graig, Manchester, England,

assignor to Peter Spence & Sons, Limited, Man-

chester, England. Pat. June 6, 191 1.

994,139

—

Paint and I'arnish Remover. Carleton Ellis,

White Plains, N. Y., assignor to Chadeloid Chemi-

cal Company, New York, a corporation of West

Virginia. Pat. June 6, 191 1.

994,273

—

Safety Pozvder for Blasting. Gershon Moore

Peters. Cincinnati, and Milton Fletcher Lindsley,

Kings Mills. Ohio. Pat. June 6, 191 1.

A safety powder consisting of nitrite of ammonia,

nitro-cellulose, a nitro-hydro-carbon solution of as-

phalt and antacid, and a heat reducing substance.

994,435

—

Process of Making Ammonium Sulfate and

Sulfite- Franz Wolf. Bochum, Germany. Pat. June

6, 1911.

994,437

—

Process of Preparing Camphor. Ossian As-

chan, Helsingfors, Russia, and Wilhelm Kempe,

Berlin, Germany, assignors to Chemische Fabrik auf

Actien (vorm E. Schering), Berlin, Germany. Pat.

June 6. 191 1.

994,446

—

Leather Dressing. Thomas Alex. Drake,

Jersey City, N. J. Pat. June 6, 191 1.

994,502

—

Process of Utilizing Zinc-Sulfite Sludge.

.\lan A. Claflin. Medford, Mass. Pat. June 6, 191 1.

994,508

—

Process of Bleaching and Softening Jute

Fiber. Samuel A. Flower, New York, N. Y.

;

Charles E. Flower, administrator of said Samuel A.

Flower, deceased. Pat. June 6, 191 1.

This is a process of treating jute fiber with a hot

solution of water, an alkali, chloride of lime and soap

to loosen the mechanical impurities and convert the

jute pigment into a soluble form, then washing with

water and wringing out. next treating the fiber in a so-

lution of water, chlorid of lime, carbonate of soda and

glycerin, then treating the fiber with a mixture of

glycerin, chlorid of lime, soap and carbonate of soda.

994,555

—

Process of Condensing Milk. James Chris-

tian Alexander, Roseburg. Ore. Pat. June 6, 191 1.

The process comprises placing the milk in a closed

receptacle, creating a vacuum within the receptacle to

remove the air from the milk, agitating the milk after

the vacuum is created and the air removed from said

milk whereby such agitation will not cause the milk to

foam, and applying a freezing medium to the exterior

of the receptacle to cause the water in the outer por-

tion of the mass of the milk to freeze, the other ele-

ments of the said outer portion of the milk becoming

mixed with the unfrozen milk.

994,646

—

Process of Purifying Razv Juices in the Sug-

ar Manufacture. . Mieczyslaw Kowalski, Lemberg,

Austria-Hungary. Pat. June 6, 191 1.

994,841

—

E.vplosive. Harold Hibbert, Wilmington,

Del., assignor to E. I. du Pont de Nemours Powder

Company, Wilmington, Del., a corporation of New
Jersey. Pat. June 13, 191 1.

994,889

—

Method of and Apparatus for Condencing

Zinc Vapor to Liquid Metal. Charles Thierry,

Paris, France, and John Thompson, New York, N.

Y. Pat. June 13, 191 1.

994,931

—

Method of Water-Proofing Fabrics. Pierre

O. Keilholtz, Baltimore, Md. Pat. June 13, 191 1.

995,038

—

Acid Ferric Phosphor Tartrate. Carl Sor-

ger, Niederlahnstein-on-the-Rhine, Germany. Pat.

June 13, 191 1.

995,105

—

Process of Obtaining Potash Salts from
Feldspar. Firman Thompson, Newark, Del. Pat.

June 13, 191 1.

The process consists in reducing the rock to pow-

dered form, mixing therewith an alkali metal acid sul-

fate and an alkali metal chlorid. heating the mixture,

and separating the soluble portion from the remaining

portion of the mixture.

995,113

—

Aluminum Alloy. Conrad Hubert Heinrich

Claessen, Berlin, Germany. Pat. June 13, 191 1.

995,187

—

Explosive. Joseph Sayers, Walter Atkinson

Wilson and James Thorburn. .\rdeer, Scotland, as-

signors to E. I. du Pont de Nemours Powder Com-
pany, Wilmington, Del. Pat. June 13, 191 1.

995,366

—

Method of Smelting. John W. Nesmith,

deceased, Denver, Colo., by Harper M. Orahood,

executor, Denver, Colo., assignor to Colorado Iron

Works Company. Denver, Colo., a corporation of

Colorado. Pat. June 13, 191 1.

This is a method of smelting coarse and fine ores

consisting in generating a smelting heat in a combus-

tion chamber, converting the coarse ore to a fused or

molten condition by such heat, and projecting fines

horizontally into the combustion chamber where they

are treated in suspension.

995,373

—

E.vplosive. Joseph Sayers. Walter .Atkin-

son Wilson and James Thorburn, Ardeer, Scotland,

assignors to E. I. du Pont de Nemours Powder

Company, Wilmington, Del., a corporation of New
Jersey. Pat. June 13, 191 1.

995,481

—

Process of Effecting Reduction and Produc-

ing Ferrochromium. Edgar F. Price. Niagara Falls,

N. Y., assignor by mesne assignments, to Central

Trust Company of New York, trustee, a corpora-

tion of New York. Pat. June 20. 191 1.

995,510

—

Method of Producing Transparent Camphor

in Shaped Pieces. Otta Rudolf Daniel Witt. Ham-
burg, Germany. Pat. June 20, 191 1.

995,542

—

Method of Treating Finely-Divided Sub-

.Hances Containing Iron Compounds. Tom Cobb

King, Marion, Ala., assignor to National Metallur-

gic Company, Jersey City, N. J., a corporation of

New Jersey. Pat. June 20, 191 1.

995,579^

—

E.vplosive Compound and Process of Manu-

facturing the Same. David M. Stirton, Cascade,

British Columbia, Canada. Pat. June 20, 191 1.
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995,724

—

Jl'hife Enamel. Carl Rosenzweig, Vienna.

Austria-Hungary. Pat. June 20, 191 1.

995,740

—

Process for the Manufacture of Incandes-

cent Mantles. Jacques Visseaux, Lyons, France.

Pat. June 20, 191 1.

995,820

—

Beer and Method of Preparing Same. Leo

Wallerstein, New York, N. Y. Pat. June 20, 191 1.

995,852

—

Process of Strengthening Cellulose—Xavier

Eschalier, Villeurbanne, France. Pat. June 20, 191 1.

995,894

—

Process of Manufacturing Manure from
Razv Phosphates. W'ilhelm Palmaer, Stockholm,

Sweden. Pat. June 20, 1911.

The process consists in subjecting mineral phosphate

to the action of hydroxid acid and adding a solution of

the hydroxid of alkali metal to the acid solution of the

phosphate for precipitating the latter as bicalcic phos-

phate.

995,897

—

Process of Making Phosphorus Pentoxid

and Titanium Compounds. Samuel Peacock, Chi-

• cago, 111., assignor to American Clanamid Company,

New York, N. Y., a corporation of Maine. Pat.

July 20, 191 1.

9Cj6,oii

—

Method of .Making Nitrogen Compounds.

Albert R. Frank, Halensee. near Berlin, Germany,

assignor to Societa Generale per la Cianamide.

Rome, Ital}-, a corporation of Italy. Pat. July 20.

1911.

996,094

—

Method of Making Fusible Compounds of

Aluminum and Recovering Aluminum Therefrom.

Lucius Richard Keogh, Ottawa, Ontario, Canada,

assignor of one-half to Clifton Ashton Douglas, Ot-

tawa. Canada. Pat. June 27, 191 1.

996,179

—

Process of Producing Metals from Ores.

Raymond Patterson Wheelock, Searchlight, Nev.

Pat. June 27, 191 1.

996,182

—

Process of Making Incandescent Lighting-

Bodies. Oscar A\'eiderliold, Jersey City, N. T- Pat.

June 27, 191 1.

996,380

—

Process of Purifying Tin Scraps Prepara-

tory to Dctinning the Same. Carl Von Der Linde,

Crefeld, Germany. Pat. June 27, 191 1.

996.400

—

Process for the Manufacture of Alcohol.

.\quiles Ernesto \. Castro, Merida, Mexico. Pat.

June 2j, 191 1.

996,491

—

Magnetic Preparation of Ores. Alfred Ar-

thur Lockwood, London. England, assignor to Mu-
rex Magnetic Company, Limited, London, England.

Pat. June 27, 191 1.

996.509

—

Tanning Process. Ottoka Henry Nowak.
Chicago, 111., assignor to Dermiforma Company of

America, a corporation of Illinois. Pat. June 27,

1911.

C. L. PARKER
Solicitor of

CHEMICAL PATENTS
New York Suite 46 McGill BuildlnsRooms 829-830. 2 Rector St. Washington, D. C.

AUTOMATIC

WATER
STILL

1

A serviceable gas distil-

ling apparatus.

Capacity 1-2 to 9-10

gallons per hour.

Cost per gallon 2.5 to

3 cents.

The Booth Apparatus Co.

Dillaye Building

Syracuse, New York
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THE DEBT OF THE MANUFACTURER TO
THE CHEMIST.-

By HARVEY J. SKINNER.f

The enormous progress and changes which have

taken place in industry and commerce in the course

of the past century may to a large extent he justly

attributed to the work of chemists. Such a state-

ment will undoubtedly be regarded by many as a most

extraordinary one and open to question, since the

proper relation of the chemist to industrial welfare

is not generally appreciated. Let us review for a

moment some of the achievements of chemistry so

that the truth of the above statement may become

more apparent.

The great mechanical developments and the more

recent electrical ones depend upon the extraction of

the metals from their ores by purely chemical proc-

esses. The manufacture of steel, so essential in the

construction of our railroads, bridges and large build-

ings, is a most advanced chemical industry and is

under strict chemical control at every step of the

process. Alloy and tool steels, which are now finding

such extended use in the arts, are the direct result of

chemical research. Electrical developments have been

almost entirely dependent upon copper, and without

the chemical processes of refining this metal it is safe

to say that electricity would find very limited appli-

cation in manufacturing work.

The history of aluminum is another instance of an

important metal being extracted from the ores by

chemical means. In 1856, aluminum sold for $90

a pound. .Asa result of improvements in the processes,

the price gradually dropped to $5 in 18S6, but was

still too high to allow of its general use. .About this

time, Charles R. Hall, then recently graduated from

C)berlin College, made a discovery which forms the

basis of the present aluminum industry and which

brought the price down to a point where the remark-

able characteristics of this metal can be utilized in

the arts.

In the textile industry, almost every step is de-

pendent upon chemical science. The use of aniline

colors, made possible by the discovery of Perkin, have

given to the manufacturer more brilliant and more

*Parer presented before the Congress of Techno]oK>' at the

Fiftieth -Anniversary of the Granting of the Charter of the

Massacliusetts Institute of Technology.
tVice-President. .Arthur D. Little, Inc., Boston, Mass.

permanent colors for his fabrics and at a lower price

than the natural colors previously used. This single

discovery has led to the manufacture of over 2,000

artificial dyestuflfs and become the foundation of an

industry in which it has been estimated that $750,-

000,000 are invested. It has further given to the

producers of coal tar a valuable outlet for a waste

product which was not only comparatively useless, but

difficult of disposal.

Researches in the chemistry of cellulose have given

to us, among other things, artificial silk and smokeless

powder. The latter has already grown to a huge

industry within the memory of the youngest of us

and the development of the former bids fair to be-

come equally e.xtensive. The processes of leather

manufacture, paper making and many others which

could be mentioned are entirely dependent upon chem-

ical principles. And so we could go on and point out

that every manufacturer is dependent in some way
or another upon chemical science ; and why should it

not be so when one considers the true basis of manu-

facturing?

Manufacturing deals with the modification of ma-

terial and since all material is subject to chemical laws

and its properties are governed by these laws, it be-

comes apparent that the majority of the manufactur-

er's problems are those in applied chemistry.

Unfortunately, the average manufacturer, especially

if his process is a mechanical one, regards chemistry

as something which has to do with drugs and chem-

icals and has no direct bearing upon his own problems.

That manufacturers fail to appreciate their indebted-

ness to the chemist and how he can improve the ef-

ficiency of their processes by studying the chemical

properties of their materials is due largely to the fact

that the older generation of manufacturers started as

factory hands and have worked themselves up through

the various grades to managerships and presidencies.

Their methods have been rule-of-thumb methods and

science has had no meaning to them. Their aim was

to make money and the efficiency of their processes

was a secondary consideration.

With the growth resulting from the combination of

capital and the technically trained men which our uni-

versities are turning out, conditions are taking on a

new aspect. The larger manufacturers, realizing their

debt to the chemist and also that there are still un-

solved problems in every factory, are securing the

benefits of scientific advice. The smaller manufac-
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turer will soon be forced to the same procedure or he

will lose in the struggle for industrial existence. The

rule-of-thumb method is passing. Guesswork is be-

ing replaced by scientific knowledge, and more and

more consideration is being given to the underlying

principles of the manufacturing processes.

Manufacturing operations based upon chemical

processes require control at each step to maintain ef-

ficiency. These based upon mechanical processes but

still dependent upon "material" demand rigid inspec-

tion and control of every material entering into or

affecting the cost of the finished product.

All this is the work of the chemist or the testing

engineer. It should be his duty to see that every ma-

terial is purchased on a basis of quality and not of

brand, that the finished product meets the proper re-

quirements, and that the yields are as near theoretical

as possible.

A laboratory is just as essential to a factory as is

an office, and the chemist is just as necessary as the

auditor. The records of manufacturing concerns us-

ing scientific knowledge will bear out this statement.

One mistake common to both the manufacturer and

the chemist themselves should be pointed out. Alany

manufacturers, having been converted to the idea that

a chemist can be of assistance in the operation of their

plants, oftentimes will employ a recent technical grad-

uate and e.xpect him to solve any (|uestion in chemis-

try. This is an injustice to the }-oung chemist and

to the profession itself.

.Man .\. Claflin in a recent article has said

:

"The employment of a scientific man does not mean

the engaging of a recent technical graduate at a salary

of $15 to $20 a week to test raw materials and report

results which are probably erroneous to a foreman

who does not under.stand them, but it means having a

man of mature experience as a chemical adviser with

two or three recent graduates as working assistants."

Xo words could be truer or better expressed. The

manufacturer does not hire a bookkeeper without

actual experience to keep his accounts, neither does

he engage a lawyer just out of law school to look after

his legal afl:'airs. Then why should he expect the

young graduate with a large amount of theoretical

knowledge and with little experience to be able to

solve effectively the problems which have been troub-

ling him for years?

This condition of affairs is really a serious one and

has much to do with the attitude which the average

manufacturer takes toward the chemist. It also ac-

counts for the diffidence of the manufacturer in apply-

ing chemical science to his problems, and not until the

true relation between the chemist and material is more

fully realized will the real debt of the manufacturer

to the chemist become appreciated.

THE PREPARATION OF COAL FOR THE
MARKET.-

By PROF. HENRY LOUIS, M. A., D. SC, ETC.

Owing to the discontinuance of the subsidy of the

Japanese Government to sugar-beet growers in Korea

most of the land in that country now devoted to beets

will be used to grow cotton.

Coal, as it occurs in a coal seam, contaifis inorganic

impurities, consisting of shale or clayey or sandy mat-

ter, which may be either finely divided and dissemi-

nated through the masses of coal, in the same way, for

instance, as the ash of wood is disseminated through

the wood, or they may occur in some more concen-

trated form, often in layers, varying in thickness

from sheets of the thinness of paper up to dirt bands

which may be several feel in thickness. Furthermore,

in the act of coal getting, (xjrtions of the adjoining

strata, and especially of the floor, are apt to be cut up

and mixed in the coal proper. \\ hen the inorganic

maXter is very finely disseminated, its separation is

from a practical point of view impossible: when it oc-

curs in larger particles, the coal can be freed from it

to a greater or lesser extent, the methods to be adopted

depending essentially upon the size of the fragments

of dirt.

.\s regards its composition, the inorganic matter is

either of the earthy character referred to above, and

called by the miner "shale," or more often "dirt"'—and

I propose to keep to the word "dirt" as a convenient

generic term in this lecture—or else it may consist

of iron pyrites. The coal, after it has been mined, is

wound up the shaft in small wagons or tubs, one or

more of which may be contained in the cage in which

it is hoisted. These tubs vary greatly in size, and may
carry anything from 5 cwt. up to two tons of coal.

When the cage has arrived at the shaft top, or bank,

the tubs are run out of the cage, this, in modern in-

stallations, being often done by mechanical appliances.

They then run over the weighing machine where their

weight is recorded, and then they pass on to the tip-

pler, which is an automatic appliance for turning the

tub over and emptying the coals out gently and evenly.

It is at that point I think we ma\- fairly take the prep-

aration for the market to begin. I include everything

up to this point as part of the mining operations. The

first step the coal has to undergo is screening or sep-

arating into suitable sizes. All. coal above a certain

size—which may be anything from 2 to 4 ins. accord-

ing to the market rec|uirements and the local custom

— is looked upon as lump coal or round coal, whilst

the undersize from the screen is generally spoken of

as small coal, and each group is treated independently.

Occasionally there is a screen which makes merely

two sizes ; sometimes a screen which makes a number

of different sizes, which are spoken of as "cobbles."

"nuts." "peas." "duff." and so on. both the names and

the exact dimensions varying widely in different parts

of the country.

In some parts of the country the bad practice pre-

vails of onl\- taking the large coal out of the ])it. This

is verv often done In- loading underground wit': a

•From tlie Jouinal of the Society of Chemical Industiy.
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fork, lite liiu> >)l' wliich may he anytliint; fr..ii 1 in. to

i]j ins. ai)art, aiiythiiij,' tliat ^ocs tlironi;h these l)eing

of course left in the pit and wasted. l""rom the point

of view of heat generation, the coal that is left in the

pit is (|uite.as good a.s the coal that is taken out, and

there is very little to be said in defense of such waste

of avaluahle national asset.

Tlie screens used are of various kinds; the most

common is the ordinary jigging screen (Figs, i and

screen, fairly efficient, tliere is no excessive amount of

wear and tear about it, but it requires a considerable

amount of room at the heapstead : it makes a great

deal of noise, and communicates a large amount of vi-

l)ration to the structure in which it is placed, in addi-

tion to which it is also rough on the coal ; it does very

Fig. 1—Type of Jigging Screen.

2). The figures represent two of the best types of

ordinary jigging screen, which merely consists of a

shallow iron trough, the bottom of which forms the

screening surface, suspended from girders by a num-

ber of radius rods, and worked by an ordinary eccen-

tric, the revolution of the eccentric swinging the screen

to and fro. Care must be taken that the eccentric acts

upon the screen at a suitable point near its center of

gravity, otherwise a very objectionable amount of

jerk is apt to be developed. The screening surface

may consist of iron plates with holes—round holes,

diamond shaped, or square, according to local prac-

tice—or it mav consist of woven wire, these being the

two methods in most general use. This is a cheap

Fig. 2—Type of Jigging Screen.

well for most of the hard, strong coals of this coun-

try, but for some of the more tender coals, especially

like some of those met with, for instance, in the north

of France, it is much too rough, and other methods of

screening have to be used.

A form of screen which has been used to some ex-

tent in this country is the "\ ibromotor," in which the

jigging motion is produced not by an eccentric, but

by having a vertical shaft which swings from a j(_iint,

and to it a weight is attached eccentricalh', so that the

Fig. 3—Sectional Elevation of Vibromotor Screen.
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movement of the weight swings the screen. It is really

an appHance which makes use of the fact of the ma-

chinery being out of balance. The objectionable re-

sults of a wheel running out of balance are well

the independent motion of those bars moves the coal

along it very smoothly and very gently.

Fig. 5 shows the '"Chambers" screen. Here again

are a number of bars supported upon pins ; alternate

.^^

Fig. 4—German Form of Briart Screen.

known : in this case the want of balance is utilized,

and the injurious effects are absorbed in doing use-

ful work. The result is that the "X'ibromotor" runs

very smoothly and very easily, and communicates very

little jar even to rather a light structure, so that in

cases where a screen has to be placed high up in the

heapstead it has great advantages. It has not come

into very general use in this country, probably for

commercial reasons, but it is certainly a very satis-

factorv type of screen. (Jne form is shown in Fig. 3.

In order to get over the difficulty of dealing with

tender coals, a number of screens have been devised

in which the screen frame is fixed, but the bars of

the screen ha\-e independent motions and thus cause

the coal to travel over it. There are many of them.

Fig. 4 is a modern (German form of the ISriart screen

made by the Maschinenbauanstalt Humboldt: origin-

ally used in Belgium, it has come into extensive use

in Relgium. Westphalia, and France. It consists of

a fixed frame of iron plates, in which rest a number

of bars, which are simply channel irons with perfora-

tions in the upper plate of the channels, thus pro-

ducing the screening action. They are hung by radius

rods at their bottom ends, and at the top alternate

bars are moved alternately by a pair of eccentrics,

so that one of the bars is always moving upwards

and forwards while the neighboring bar is moving

backwards and downwards. The result is that the

coal resting on the bars which are moving upwards

and forwards, is gradually moved down the screen

by that action, so that, although the screen is fixed.

bars are carried on alternate pins, and are attached to

a rocking lever, actuated by one or other of two ec-

centrics. The net result is that alternately a bar is

lifted and swung forward whilst the neighboring bar

drops and moves backwards. As in the case of the

llriart screen, the coal resting on these bars is slowly

moved along them. This screen has the advantage

over the Briart screen that the bar is always horizon-

tal at all times of its travel, and thus there is very

little jar or jerk indeed, so that it works very smoothly.

Fig. 6 shows the Borgmann and Emde screen, sim-

ple in construction, and made up of longitudinal and

transverse bars, the longitudinal bars being made of

flat iron bars on edge, with semi-circular notches in

the upper surface. The transverse bars which run

^!«

Fig. 5—Chambers Screen.

across them are round iron bars or tubes, and they

are all driven by a simple mechanical contrivance, so

that the pieces of coal resting on these transverse

bars, which really form rollers, are caused to travel

along by the revolution of these bars. It works

smoothly and quietly, perhaps a little too quietly, and

small coal riding on top of a big flat piece does not

get sufficient screening.
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A multiple screen fur makiiii; a nunihor nf dilTcreiU

sizes, the "Coxe screen," is intended for anthracite,

which accounts for the large number of ditterent sizes

that it makes. The nest of screens is sujiported upon

Fig. 6—Borgmann and Emde Screen.

four double cones and is driven by a vertical shaft

which carries an eccentric ; the result is that the whole

nest gets a motion of g}-ration about an axis, so that

when the coal is charged on at one end is moves over

the surface of the screen in a series of circles. Every

portion of that screen is in fact revolving in a cir-

cle, no two of which are concentric, and a very etificient

screening action results. The screen is self-contained

and docs not jar its foundations. I have seen a screen

running, resting on two balks of timber w'ithout be-

ing bolted down, but of course this is not to be recom-

mended.

Occasionally it happens that a colliery which screens

its coal is asked for through-an-through coal, or un-

screened coal. That is simply done by rendering the

screens "dumb," or "plating" the screens—replacing

the perforated plates by plain plates, or laying plain

iron plates over the perforated ones.

The products of the main screening are thus round

coal and small coal, and entirely ditferent methods of

treatment are required in dealing further with each

of these. The treatment of round coal is exceed-

ingly simple : The lump coal, the over-size of the

first or main screen, is delivered on to a picking belt,

this being the appliance which is most generally used

in this country. It is made up of a series of iron

plates bolted to two or three longitudinal chains driven

by a suitable motor, generally by means of a sprocket

wheel the plates themselves resting on a series of

rollers. .Such a belt will be from 50 to 100 ft. long,

and it will travel along at a speed of about 50 ft. a

minute. Lads standing on either side of the belt pick

out the dirt, and throw it onto a traveling belt to take

it away or into tubs by means of which it can be re-

moved. The pickers usually stand about 10 ft. apart,

and a belt of this kind will deal with from 20 to 50

tons of ordinary coal per hour. Instead of a picking

belt, a picking table is sometimes used, which con-

sists of an iron table carried on a vertical spindle, or

on rollers, revolving at about the same rate as the

picking belt would travel, the pickers standing round

the outside. In some forms they can stand round

both outside and inside. The advantage of the pick-

ing table is that when only one is required, it requires

J^fiONT ELEVATION, SIDE ELEVATION.

Fig. 7— Robinson Coal Washer.
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veiT much less space than a corresponding belt

would do.

Small coal is treated in various ways. Cobbles, say

down to I Yi ins. or sometimes 2 ins., are sometimes

screened out in a second screen below the top one.

and run on to another belt where they can be picked,

but picking of anything under i]A ins. is practically

impossible, and everything under that size has to be

treated by the methods which I shall describe some-

what more fidly.

Mechanical means have to be resorted to for clean-

ing this small coal, this being usually spoken of as the

process of coal-washing. In practice the difference in

the specific gravities of coal and dirt is utilized for

their separation. The specific gravity of coal varies

from about 1.25 up to about 1.6 for anthracite. Ordi-

nary bituminous coal averages about 1.3. Dirt (namely

shale, fireclay, sandstone, and so forth) will probably

range from 2 to 2.7 and may be averaged at about

2.5. Iron pyrites ranges from 4.8 to 5.2 and averages

about 5 in specific gravity, so that any methods- that

will separate the ordinary dirt from coal will still more

easily separate the pyrites from it, and for that reason

I .shall only discuss here the methods for removing

ordinary dirt.

A very simple laboratory test can be used for show-

ing whether the coal is washable, and to what extent,

by crushing the coal and throwing it into a solution

of specific gravitv intermediate between that of the

clean coal and of the ash to be separated from the

coal. I found recently that a solution of zinc iodide

in water is very usefid and convenient for this pur-

pose: it can lie obtained up to i.y specific gravity, and

solutions ranging from 1.4 to 1.7 are very convenient

for this method of separation. The ground mass is

stirred in the solution, using a separating funnel, when

the coal will float up and the dirt sink to the bottom,

when each can be drawn off, washed, and examined.

Such a method is, of course, impossible in practice

on account of the expense and the difficulty of work-

ing with heavy solutions, so the power of gravity is

utilized by setting either the fluid or the coal in motion

and using the momentum set up in the moving ]iarti-

cles to effect the separation. The nature of this action

is easily intelligible: If a particle is let fall in vacuum,

it goes on falling with a uniform accelerated motion,

there being no resistance to retard its fall, but if it

falls in a resisting medium, it has work to do in dis-

l^lacing the ]iarticles of the fluid and in overcoming

its own friction against those particles. This work

becomes greater the faster it is falling, and. as it in-

creases, it must attain such a velocity that any further

increase woiUd so greatly increase the resisttance that

it cannot fall faster. In other words there is a limiting

velocity to which all particles are subject when falling

in a resisting medium, so that a ]3article falling in

a resisting medium falls at first with graduallv in-

creasing velocity until it reaches this practicallv con-

stant uniform velocity and continues to fall at that.

and this speed of falling is known as the ""ultimate

falling velocity" of the body.

For spheres it can be proved that a simple formula

holds good. If two spheres having diameters D and

D' and specific gravities .S and S' respectively fall in

a medium of specific gravity F. the relation holds that

the ultimate falling velocity of these spheres will be

the same when

D S' — F.

—= . When the fluid is water, F is practically

D' S -

e(|ual to

D S'

and then — ^ —
D' S -

if the particles are to

1

fall with the same ultimate falling velocity. When
the particles are falling in air, F is practically zero, and

D S'

"

then —=— for ultimate equal falling velocities. Lom-
D' S

paring coal and shale, and taking the s])ecific gravity of

D
shale as 2.5 and of coal as 1.3. the value of— is 5 for

D'

s])heres falling in water : that is to say. a sphere of

coal will fall in water at the same ultimate falling ve-

locity as a sphere of shale if the diameter of the sphere

of coal is 5 times that of the sphere of shale, and in

the same way when falling in air, if the diameter of

the sphere of coal is twice that of the sphere of shale

they will fall witli the same ultimate falling velocity.

This residt helps very much in designing coal washing

machinerx'. At the same time it is not strictlv true,

except for the particular case when particles arc fall-

ing in very large masses of fluid: when, as is usually

the case, there are a very large number of particles

crowded together, taking u]j a considerable portion

of the fluid, the conditions are usually spoken of as

the conditions of hindered falling: the particles get

into each other's way and jostle each other, and under

the ordinary conditions of working, ])articles of coal

and shale can be separated when the differences be-

tween their diameters are considerably greater than

given by these equations, so that it is not necessary

to screen as closely as these formulae would indicate.

If it is required to separate all the coal from all the

shale in a given mass, which has been screened through

two screens, of which the mesh of the larger is five

times the diameter of the mesh of the smaller, it is

obvious that the largest possible particle of coal that

can be in the product must fall more slowly than the

smallest possible particle of shale that can be in it.

and therefore separation is possible. It is by work-

ing on such formulas as these, that it is possible to

determine the ratio that the successive meshes of

screens must have to each other, in order to enable

us to separate the particles. Xevertheless, these re-

lations are only true when the particles are of cer-

tain definite sizes : when the particles dealt with are

so small that another factor comes into play, namely.
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the internal friction of the particles of the fluid or the

viscosity of the fluid, which ma}- be neglected wlicn

dealing witii particles of any considerable size, then

these equations no longer hold ; an entirely different

set of laws come into play and such very fine particles

are no longer capable of being treated by ordinary

washing machinery.

The principal of separation by equal falling can be

aj^plied in several ways : one of them is to allow fra.g-

nients of the coal that have to be washed to be carried

Seciio.nal Kleva'i'hin.

Fig, 8—German Type of Nut Washer,

along in a stream of water, when, obviously, the slower

falling lines will be carried further and those that fall

more rapidly will fall nearer the |)iiint at which the

coal enters the water : this is the simplest of all the

principles involved. .\s the corollary of the above

equations, if a particle is placed in an ascending stream

of water, it is found that if the velocity of the ascend-

ing stream is greater than the ultimate falling velocity

of that particle, the particle will be carried upwards,

but if the velocity of the ascending stream is less than

the idtimate falling velocity of the particle, the particle

will fall. Obviously, if a graded mixture of dirt and

coal is introduced into a stream ascending with suit-

able velocity, the coal can be made to ascend whilst

the shale falls, and that is an a]i])lication of the ])rin-

ciple of simple e<|ual falling, which 1 sh.nll .^peak of

as the first principle of coal washing.

If the particles are subjected to a descending instead

of an ascending stream, all the particles will move

downwards, but the descending water current will ac-

centuate the falling velocity of the faster falling ones,

so that if a set of particles is submitted to alternately

ascending and descending water currents, the action

of these reinforces each other and a sharp separation

is obtained between the faster falling and the slower

falling ones. Under these conditions separation takes

place a good deal more easily than the equal-falling

formula would indicate. This forms what I call the

second principle of coal washing, /. c, the princi])le

of subiuitting dirty coal to a mixture of alternate

ascending and descending currents. It is the principle

which is perhaps most widely used in coal washing.

and forms the principle of the appliances known as

jigs or bashes. Yet another set of conditions obtain,

when another form of appliance is used, wdiich we

meet with again quite frequently. If a stream, carry-

ing particles of coal and particles of dirt mixed to-

gether, is allowed to flow down an inclinetl plane, it is

obvious that the larger particles project further from

the plane and are therefore exposed to faster water

currents, whilst the smaller particles lying immediately

upon the surface of the plane are exposed to the slower

water currents : therefore a larger particle would be

carried ddwn the plane more rapidly than a smaller

particle. With particles of the same size, the lighter

particle would be moved the faster because it affords

less resistance to motion along the plane. Therefore,

under these conditions, even a roughly screened mix-

ture of ])articles of coal and dirt can be washed, and

it is possible to so adjust matters that the coal will

be washed down the plane while the force of the

stream of water will leaxe the particles of shale upon

it : or can be arranged so that both shall be carried

down, one more rapidly and the others more slowly.

This may be called the third principle of coal

washing.

Finally. }-et another principle consists in submitting

fragments of dirty coal (mixed coal and dirt), sus-

pended in water, to a series of jerks or shocks whilst

under the influence of a stream of water. This jerk-

ing motion separates and frees the particles from each

other, and helps the stream of water to act in the

way already indicated, and at the same time it imparts

differential momentum to the particles and thus causes

them to move at different rates over the surface of

this jerking plane. In fact it is possible to cause the

heavv particles to move in an opposite direction to

the stream of water whilst th€ light particles are car-

ried along by the stream. This I will call the fourth

principle of coal washing.

I call the first principle that of "Dift'erential rates

of falling in a moving body of water" : the second prin-

ciple "lixposure to alternately ascending and descend-

ing water currents": the third |>rinciiile "Streaming
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particles over an inclined plane," and the fourth prin-

ciple "Exposing particles to impulses whilst they are

also subjected to a water current."

By the application of any of these principles we

can separate a mixture of particles in accordance with

their specific gravities, provided that the disparity be-

tween the sizes of the largest and smallest particles

present be not excessive, in other words provided

the particles have been suitably sized by screening.

To illustrate these principles, I propose to quote an

example or two of well-known coal washing appliances

belonging to each class.

A good example of the first type is a machine very

well known in the North, but not so much used as it

was, known as the Robinson Coal Washer (Fig. 7).

It consists of an inverted cone in which a number of

arms are revolving; the coal is fed in through a shoot

at one side ; in the lower part of the cone are a num-

ber of perforations connected to a water pipe: the

water ascends and carries the lighter coal upwards

whilst the heavier particles of dirt fall and are col-

lected in the bottom of the cone, and by that means

a separation is easily attained. It is usually applied to

coal screened to pass about ;V4-in. mess or less. The ca-

pacity of such a machine is from 15 to 30 tons per

hour, and one man and a couple of lads can attend

to one of these machines. One of these washers in

use at South Derwent Colliery could treat 100 tons

of small coal a day and reduce the ash from 1 1 per

cent, to 5 per cent., at the same time also largely re-

ducing the sulphur.

The illustration (Fig. 7) shows the Robinson

washer complete. The coal is contained in a bin and

passes from a shoot into the washer. The clean coal

is carried round in the washer and issues over a screen,

to get rid of the water. The washed coal drops into

a little hopper and is discharged into the railway

wagon below it. The water draining off the coal runs

into a tank, whence it is pumped up by a pulsometer

into a tank from which a pipe goes down to the washer

to supply the annulus from which the perforations

open into the body of the machine. The dirt drops

down into a box which can be closed by a top or bot-

tom slide at will. In ordinary running the bottom

slide is shut and the top slide open. The dirt collects

here, and from time to time the top is momentarily

closed and the bottom opened, and the dirt drops out

into a wagon, when the previous arrangement is re-

stored and so the work goes on.

The second principle, the principle of the jig or

"bash," has been in use for a considerable time. I

believe its first aplication was made by Berard, in

1850, and ever since that time it has been used to a

greater or less extent for coal washing. In all cases

the coal rests upon a sieve through which the water

currents pass. The sieve can either swing up and

down in hutch of water, or it may be fixed and the

water caused to pulsate through it by the motion of

a piston. Both methods are applied, and, as far as

results go. there is nothing to choose between them,

but in most instances the fixed sieve arrangement is

more convenient, and the majority of machines are

built in that form. There is a very improtant differ-

ence between the machines designed for washing very

small coal and those for washing nut coal. In wash-

Fig. 9—Nut Washer Built by English Firm.

ing nut coal the mesh of the screen is always decid-

edly less than the size of the nuts to be washed. The

nuts therefore rest upon the screen ; they are fed in

at one side and travel across the sieve under. the influ-

ence of a stream of water; in the course of their travel

they are subjected to these alternating water cur-

rents, and are thus separated into a lower layer of

dirt close to the sieve, and an upper layer of clean

coal above it ; at the discharge end the coal is dis-

charged at a higher level and the dirt at a lower level

Fig. 10—Single Feldspar Washer.

immediately over the screen, by means of adjustable

gates.

For washing fine coal, on the contrary, the mesh of

the screen is larger than the largest particles to be

washed, and, in order to prevent both coal and dirt

passing through the screen, a bed of some material
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has to be placed upon the screen. In practice a bed

of felspar is generally used. Clean Norwegian felspar

cleaves into fragments of rhombohedral shape, and

when these rest ivn a screen and are subjected to the

action of water currents they tend to revolve about

an edge and thus form a sort of valve which hel]is in

SECnONAL ELEVATION.
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Fig. 11—Double Feldspar Washer.

the separation that I have been describing. At the

same time, Norwegian felspar is a material of con-

venient specific gravity ; it is fairly hard, and will stand

tolerably well in the wearing action on the screen, and

is, therefore, an all-round convenient substance. The

fragments of felspar used are usually ^S in. to lyi in.

in size and their area usually about 50 per cent, greater

than the mesh on which they rest. In the course of

use the edges get rounded, and the pieces are then

no longer fully efficient. \\'hen that happens, the

pieces have to be broken down to the next smaller size

and used on a smaller jig, and so on until they are

rendered too small to be any longer of use. The av-

erage life of such a bed of felspar is six weeks.

Fig. 8 shows a German type of nut washer, which

consists of a hutch, in a side compartment of which

a piston moves up and down. The coal to be washed

is fed in through a hopper and drops upon a screen.

By the motion of the piston, water is caused to pul-

sate through the screen and the coal as it travels along

from the -hopper towards the discharge, is divided

into two layers ; the lower layer is discharged through

the adjustable lower gate, the height of which can

be regulated by a little handle. The washed coal

forming the upper layer is discharged at an adjustable

upper gate and drops onto a little jigging screen which

is to drain it. The water drains back into a trough

and is brought back to the machine again. The dirt

washed out through the lower gates drops into a

trough, and is carried away by an elevator. This forms

a very neat and complete form of washer.

Fig. 9 shows a nut washer built by an English firm,

Messrs. Sheppard and Sons, the principle of which

is very much the same. At one side is the piston mov-

ing up and down in a separate compartment. The

coal is washed over a gate into a tank whence it is

carried away by a screw conveyor ; the dirt drops out

through an adjustable lower gate into a hutch where

there is another screw conveyor for removing it, and

by means of valves the water that comes over with

the coal is brought back so that the amount of addi-

tional water required is very small. This machine

is intended for washing nut and pea coal for sizes

ranging between I'yi in. and }i in., with a piston

making 60 to 70 strokes from 5 to 7 ins. per minute.

It will wash these coals at the rate of about 5 tons per

hour.

Fig. 10 is a single felspar washer for fine coal, built

by a well-known German firm. A bed of felspar is

laid on the screen, and coal fed onto it. The dirt

passes through the bed and the screen and drops into

a hutch from which it is removed from time to time

by a gate at the bottom, and the fine coal passes over

the top and is conveyed away as required after be-

ing washed. This is the form used in small washeries.

For large washeries double felspar washers of the

same type are used (Fig. 11 ). the principle being ex-

Fig. 12—Feldspar Washer Showing Screen Jigs.

actly the same, only there are two washers, with a

large piston working between each pair of washers,

thus saving space.

A more usual arrangement, instead of having slid-

ing gates, is for the dirt to drop into a hutch from
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which it is removed bv a screw conveyor or a scraper

conveyor, and the clean coal from all the washers is

usually discharg-ed into a trough along which it is car-

ried by a stream of water or by a conveyor into a

storage hopper. In order to illustrate the moving

screen jigs. Fig. 12 shows a felspar washer, built by

Messrs. Sheppard and Son. in which there are two

screens suspended from a rocking lever moving up

and down in a hutch. These are intended for succes-

sively washing the same coal, when it is required to

get a verv clean article. The coal enters at one end.

is ])artiall\- washed on the first screen, the partl\-

wa.shed coal jjassing over a gate onto the next screen,

anil the dirt dropping through into the hutch. The

washing is finished on the second screen, the clean

coal is discharged at an overflow, and the dirt drops

down into the hutch, whence screw conveyors take it

away. This machine is intended for washing coal le.NS

than •"iy in. in size. It works at about t8o quarter-inch

When cnal and dirt flow down this trough, the heavier

dirt settles down and collects against these dams, whilst

the lighter coal is washed over the dams and dis-

charged at the bottom end. The troughs are worked

in [lairs. and as soon as the dams in C)ne trough are

filled up with dirt, the neighboring trough is brought

into play, the dams in the first trough are merely lifted

u]) and the dirt scraped out or washed out from the

trough, then the dams put back again and the trough

is ready for use again. In order to make the trough

Continuous acting, when, of course, the troughs need

not be in pairs, a number of devices have been em-

])]c)ved. ( )ne of the sim])lest is the machine known

as the "'Elliott" washer ( Fig. 13) ; this consists of a

single trough set at an inclination of about I in 15:

instead of there being fixed dams, there are a num-

ber of (lams or scrapers, as they may be called

—

reaching down just to the bottom of the trough, and

attached to two endless chains, so arranged that the

Fig. 13— Elliott Washer.

Strokes per minute with a felspar lied 4 in. to (1 in.

in depth, and will deal with something like 2'o or

3 tons per hour. The liaum jig may be built either

as a nut or fine coal jig, the difi:'erence of this make

being the way in which the water pulsations are ob-

tained. Instead of having a moving piston to actuate

the water, a stream of compressed air is allowed to

act upon the surface of the water, being regulated by

means of a little valve, so that the air acts in alternate

puffs on the surface of the water. Baum. in apply-

ing his washers, does not use a felspar bed. a:id claims

to get practically the same result by using a rather

deep laver of rough dirt on the surface of the screen.

The best illustration of the third ])rinciple is af-

forded by the '"Trough washer," of which there are a

number of different types. .\ simple example of a

trough washer consists of an inclined trough across

which there are a number of dams or riffles placed.

.set of dams l\ing in the troughs are moving upwards.

The coal is fed in about half way down the trough,

whilst clean water is allowed to run in at the top of

the trough, which helps to wash the coal over the

tops of the scrapers : it is discharged at the lower end

and runs over a screen to get rid of the entangled

water and drops into hoppers, whilst the heavier dirt,

settling in the bottom of the trough, is dragged up

graduallv by the scrapers as they travel slowly up-

wards, and is discharged at the upper end of the

trough into a wagon, this being exactly the same prin-

ciple as that of the plain trough washer, except tliat

the Elliott washer is continuous acting and automatic.

The scrapers are usually 3 in. or 4 in. deep and set

about 6 ft. apart, and such a washer will deal with

anything from 5 to 20 tons per hour. The illustra-

tion is from a colliery in Cheshire, where a washer is

working 10 tons an hour. The dirtv coal, f. c, the
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unwashed slack, contains 23 per cent. o\ ash. ihe

waslicd coal 4--' per cent., and llic diit discharged

as much as (1S.7 pci' cent, of ash.

riiesc are the principal patterns ol washing' ma-

chines in n>e. There are one or Iwn. hut not many,

on the shakini;- table principle, which I have called

the foiH" principle. One of these is the Craig table,

which wa-; tried for a while in the North here, and

met with a fair measure of success, hut never seems

to have come into general use. It is a ^'-shaped table

with narrow discharge shoots at the bottom and broad

shoots at the to]3. the whole being set on a slight in-

cline; a two-armed cam drives the table sharply down-

ward-; against a bumping block, giving a sharj) l)ump.

whilst a strong spiral spring ])uslies it up the incline

again to be met by the next s.troke of the cam. The

coal is fed on about the center of the table where the

Longitudinal Section A -

Coal is fed in at one encl. and. under the action of

these jerks, it is caused to travel along and is dis-

charged at the ui)per end onto a screen which carries

it to a coal conveyor by whieh it is carried off to the

rei|uired coal discharging point. The fine dirt settles

under the action of the jerks in the low'er part of

the screen and is discharged there by means of a gate

at the side which is kej)! closed by a spring or coun-

terpoise until a sufficient weight of dirt has accumu-

lated to overcome that coiuiter])oise. when the gate

opens and the dirt is discharged, and the washing goes

on. so that the ap])liance works continuously. It is

said that the capacity of one of these washers is about

15 tons per hour.

The above are examisles of individual appliances,

but the best results can only lie obtained when a cer-

tain numljer of machines is combined into a com])lete

Transversa Section C - D.

Fig. 14—Washery as Erected at German Colliery.

two arms of the Y meet, and the coal, as it rests on

the table, receives a series of bumps as described, thus

jerking the dirt towards the vipper ends of the "\

-

shaped table, whilst the lighter coal flows down to the

lower end and is discharged from the small spouts.

It was tried at Coanwood Colliery, where it washed

8 tons ])er hour and reduced the ash from 11-5 to 4-8

per cent, but apparently it was found rather compli-

cated and does not seem to have come into extensive

use. A machine on a somewhat similar principle is

quite a new machine, the Greaves Washer. So far

as I know the first washer on that principle in the

North is just now being erected in southeast Dur-

ham, but has not yet been tried in this district. It

consists essentially of a shaking tray or screen. This

screen is so suspended as to be able to swing, and is

caused to swing to and fro under the action of a cam.

installation. In a complete washery all the small coal

—anything, saw imder I '/2 in.—is usually brought to

the washery. It is then usually lifted directly into a

screening appliance, the usual form of screen in these

washeries being the revolving cylindrical screen or

trommel, a number of which arranged successively

being often used for screening the coal into a number

of different sizes. Where s])ace is an object, a spiral

or concentric trommel may be used. Of course, all

these screens have to be enclosed in iron housings to

jirevent the dust flying about. \\\ these means a num-

ber of separate sizes are made. L'sually the coal, as it

comes from the colliery, includes everything under

i^A in. or 2 in. ; it is sized into various sizes, usually

from I J/, in. down to }^ in. for nut coal, J4 '" dow^n

to about yi in. or ^ in. for bean, and ]5eas down to

about 5-^ in. These three sizes are mostly waslied on
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nut washers, each size going to its separate nut washer ;

everything less than J^ in. goes to the felspar washers

for washing; of this duff usually two or three differ-

ent sizes are made, each going to its individual felspar

washer. The general arrangement then is that the

cleaned coal is delivered into hoppers. Sometimes if

required for coking, all the sizes may be mixed ; if

required for market, the different sizes are often kept

separate. Often the dirt from the nut washers still

contains a large proportion of coaly matter, and in

a complete washery it is usually found worth while

to take the dirt from the coarser washers to a crushei

to be crushed fine, and wash the resulting fine stuff'

in felspar washers, a separate set of washers being

usually dedicated to this purpose. There are several

such washeries in this country with capacities ranging

from 50 to 200 tons per hour.

For the sizing of the finer small coal, which is rather

difficult to do by screens on account of their aptitude

to clog, a set of ^* boxes is often used. The coal is

run in at one end of a set of inverted pyramids or

tank at the bottom of the building, where a scraper

moves it along into the boot of an elevator which lifts

it in turn to the same hopper as the other clean coal.

The capacity of such an entire plant, including the

picking belts, is about 1300 tons of coal per day of

10 hours. Such a complete washery, as erected at a

German colliery, is shown in Fig. 14. A complete

picking belt heap-stead, without washery, built by the

Maschinenbauanstalt Humboldt, is shown in Fig. 15.

In any system of coal washing, it is often found that

the finest coal will form slimes which will onlv settle

in water with great difficulty, and which are thus very

often lost. Now it has been found in many cases,

especially in dealing with coals for coking purposes,

that this extremely fine coal is the most valuable part

as regards its coking qnalities, and its presence or ab-

sence often makes all the difference in getting good or

bad coke. In Germany this difficulty has been got

over by the very ingenious method of blowing out the

very fine coal first before it gets to the water and has

a chance of making slimes, and treating it dry.

Fig. 15— Elevation of Coal Cleaning Plant Capable of Handling 500 Tons Per Day.

cones, and in each of these cones there is an upward

stream of water. In accordance with what I have

called the first principle of coal washing, it is evi-

dent that the coarser stuff will settle in the first cone,

the ne.xt fine in the next, and so on up to the finest.

The spigots from these dift'erent cones are then used

to supply the individual felspar washers, this being

perhaps the best method for sizing the finest sizes of

coal.

In a complete washery the coal comes from the

mine, and is tippled in tipplers on to several jigging

screens. The over-size or the coarse coal, drops onto

the picking belts, the fine coal goes through under-

neath, and is carried by a transverse belt into storage

hoppers. From these it is elevated to the washery

proper, where it first passes through one of the spiral

screens before mentioned. Here it is sized, the nut

coals going to a set of nut coal washers, the finer ma-
terial going to a set of pointed boxes, the spigot of

each of which supplies its individual felspar washer.

The finer coal is allowed to drop down into a large

A good example of a machine for that purpose is

one which has been devised by Hochstrate. The coal

is screened in a revolving screen, and the under-size

from this is dry-blown before washing, the under-

size being about yi-m. mesh. It drops from the screen

housings, and in dropping down it is caught by a blast

from a blower through a blast pipe, and the lighter

stuff' is blown up an inclined shoot, the heavier stuff

being able to fall down direct ; the lighter material

when carried up strikes against an inclined plane, the

heavier particles roll down, getting clear of the blast,

and drop back into the shoot into which the heavier

particles have already fallen. The lighter stuff is

blown upwards into a big dust chamber. The stuff

that drops through the shoot is met by a second stream

of air which again blows out the finer stuff and car-

ries it into the same dust chamber, whilst all the heav-

ier particles drop down together through the shoot

into a water trough which carries all the coal of about

0.3-in. mesh to the washeries where it is washed in

the ordinary wav.
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THE WORK OF ENGINEERS IN THE GAS
INDUSTRY/:

By FREDERICK P. ROYCE.f

The business ^)f manufacturing and distributing gas

is older than that of any other of the public utilities

with the exception of that of distributing water.

Early in the nineteenth century companies were

established and in active operation in England. Many
of the companies still doing business in this country

were organized and in operation prior to 1850. It

was not until a much later date, however, that results

due to the efforts of scientifically trained men were

generally apparent.

The first dry distillation of coal producing gas for

commercial purposes was accomplished in retorts made

of iron placed in a horizontal position, the heat neces-

sary being directly applied by furnaces placed imder-

neath the retorts.

With the exception of the substitution in the retort

of fire-brick material for cast iron, this type of retort

with slight modification was used for many years and

in some small plants is used today.

In the early days of the industry it was found that

with little effort sufficient gas could be produced and

sold at a high price for lighting purposes to furnish

a satisfactory return on the capital invested.

.At the time, little or no consideration had been given

to the relations of the companies and the public, which

are now properly regarded as of great iiTiix>rtance.

It was not understood that to get the best results for

all. these companies should be operated as regulated

monopolies and the earnings of the companies were

not sufficiently large to invite general competition.

These gas companies then furnished all illumina-

tion not produced by lamps or candles. Under such

circumstances there was apparently little incentive

to the engineer to enter the business and apply a

scientific knowledge to the reduction of the cost of

the plant or of operating it.

As the time went on. these conditions changed and

in the early eighties a very strong competition was

introduced through the development of the electric

lighting companies which for a time threatened to

destroy the business of the gas companies and in some

places actually did reduce it materially.

It was then absolutely necessary that the owners of

these projierties should devise means of reducing their

operating cost and to do a much larger business at

a smaller rate of profit. This could only be done

through the employment of trained engineers.

-At that time coal gas was made almost exclusively

and the largest element of cost in the production of

the gas was in the carbonization of the coal. There

has always been a saying to the effect that money

was made or lost in the retort house and it has been

•Paper presented before the Congress of Technologry at the
Fiftieth Anniversarj- of the Granting of the Charter of the
Massachusetts Institute of Technology.

tVice- President Stone & Webster Management Association,
Boston, Mass.

in the retort house that the greatest improvement has

been eltected.

As has been said, the retorts were then of the direct-

fired type, the coal to be carbonized was placed in the

retorts by hand and the coke was removed in the same

way.

It was then considered good practice if 30,000 tt.

of gas could be made in a day by each man employed

in the retort house. This hand firing was slow, result-

ing in a serious waste of gas and loss of heat.

The first step toward improvement was the intro-

duction of machinery to charge the retorts and remove

the coke. Notwithstanding the extremely difficult

conditions under which this apparatus must be oper-

ated, it has been on the whole very successful. Numer-

ous types of machinery have been built applicable to

the smallest or the largest works. At about the same

time the regenerative setting of retort benches was

designed and put in successful use.

In this generator is made a part of the bench setting

and used to produce carbon monoxide gas through

partial combustion, using a limited amount of primary

air. This mono.xide gas is distributed as desired

through the bench and brought in contact with secon-

dary air which has been preheated by passing through

flues adjacent to other flues through which the prod-

ucts of combustion are carried to the chimney. The

carbon monoxide being fired as it combines with the

secondary air produces a high heat which can be

satisfactorily controlled, assuring a uniform tempera-

ture throughout the various retorts of the setting.

This type of bench was followed by the inclined

retort setting. In this bench the retorts are set at an

angle of approximately 31° from the horizontal, the

charge being introduced from the top and distributed

through the retort by gravity, the coke falling from

the bottom mouthpiece as desired.

The principal advantage of this type of setting is in

the avoidance of the use of expensive charging and

drawing machinery. The inclined setting was fol-

lowed in a few years by the vertical type. It is inter-

esting to note that although experiments were made

with vertical retorts in the very early days of the

gas industry, it was not until three or four years ago

that engineers in Germany were able to build and

operate them successfully on a commercial scale. The

first successful installations of this sort were designed

for intermittents charging and discharging. Little

machinery was required to operate them and due to

the fact that the retort was completely filled with coal,

a marked improvement was noted in the character of

the bi-products.

.As the weight of the coal in the vertical retorts is

supported principally by the lower mouthpiece rather

than the retort itself, the mouthpiece being easily re-

paired as needed, there should be and apparently is an

improvement in the life of the setting.

.A more recent development in the vertical retort

setting has been accomplished by the perfecting of



;20 THE CHEMICAL ENGINEER \( )L. XI\'. X.

charging and discharging apparatus, by means of

which a continuous carbonization of the coal is

eitected.

A still further improvement in the carbonization

of coal in large plants has been effected by the suc-

cessful design and operation of the so-called coking

chamber. This in reality is a development of the

inclined retort, but instead of using a comparatively

small retort which would contain a change probably

not to exceed looo lbs. in weight, a large chamber

designed to contain and carbonize si.x or seven tuns

is used. The bottom of this chamber is built at an

angle similar to that of the inclined retort so that

the coke slides freely from it when the mouthpiece,

which is really the entire lower end of the chamber,

is removed.

Through these developments the cost of labor has

been greatly reduced and whereas with the early

benches there was a production of 30,000 cu. ft. per

man per day, with the coking chambers a production

of 150,000 cu. ft. per man has been made possible.

At the same time the yield of gas from a pound of

coal measured by the product of its volume and candle

power has been increaserd 25 per cent.

The amount of fuel reqtiired to carbonize the coal,

an important item of cost, has been very greath' re-

duced. The capacity of luiit has been increased to

such an extent that much less space is required to

produce a given amount of gas, which results in a

reduction of plant cost. The c|uantity of certain bi-

products has been increased and the character of these

bi-products much improved. This has been particu-

larly noteworth)' in comiection with the \'ertical type

of setting. The coke made in the vertical retorts and

in the coking chambers is of much the same character

as that made in the beehive oven. It is stronger and

consequently a smaller percentage of it is in the com-

paratively worthless form of screenings or breeze. -\

larger percentage of ammonia is recovered. The tar

produced is better and comparatively free from lamp

black and other impurities.

It is regrettable that most of the improvements

noted in retort house o])eration have been due to the

efforts of foreign engineers. The charging and draw-

ing machinery was first perfected in England. The
inclined and vertical retort benches for intermittent

carbonization were developed by German engineers

and the continuous system of carbonization with verti-

cal retorts is due principally to the efforts of English-

men.

To .\nierican engineers, however, there may be

fairly attributed the development of the water gas

process. The Lowe type of apparatus developed in

this country is now the standard throughout the world

where water gas is made. It is estimated that more
than one-half of the total production in this countrv

is of water gas. This has been of great importance

in connection with the production of coal gas.

Tlie cost of the latter is directly dependent on tlie

price received for residuals and it is jirobable that if

coal gas only were made in this country the increase

supply of residuals would be in excess of the demand
So that the average price received for them would be

reduced and conse(|uently the cost of producing the

coal gas would be increased.

It is now common practice in .\merica to make both

water gas and coal gas in the same works. The water

gas can be made of any desired candle power and

mixed with the coal gas. making it possible to furnish

a commercial product of almost any quality desired.

The improvements in the art, however, have not been

confined to the generating house.

Tlie (juality of the gas depends in great measure on

the method used to clean and purify it. The im-

])ortance of this may be seen when it is realized that

the so-called impurities in the gas, which are harmful

as a part of the gas, are themselves valuable bi-

products when removed.

To obtain the best results the temperature of the gas

must be made to pass through wide ranges during the

different steps of cleansing and purification. Engi-

neers have determined the correct temperature for

each stage an.d have devised ap])aratiis by which these

conditions can be controlled.

This work of the engineers has produced a great

decrease in the cost of gas. Twenty years ago it was

l)ossible to reduce the price of gas to a point where it

would lie made to compete successfully with coal and

other fuels, thus greatly increasing the market for it

and definitel}' establishing the stability of the industry.

Some companies which sold gas at as high a rate

as $4.00 per 1,000 cu. ft. in 1870 are today able to

jiroduce and sell it at less than Si.00 per 1,000 cu. ft.

and still make a fair return on the necessary invest-

ment. This great decrease is the result of the reduced

cost of production and of the largely increased output

that followed it.

Through the development of the ^\ elsbach mantle

it is now possible to get much more light with a given

amount of gas than could ever be obtained with the

open burner and at the saine time to use gas of a Imv

candle power, thus materially reducing its cost. This

has helped to place the gas companies in a position

where they can successfully compete with the electric

companies for a large portion of the lighting business.

The field at the present time is a most excellent one

for the engineer. There are still opportunities to im-

prove the methods of carbonization of coal and the

generation of water gas. The highest efficiencies in

these departments have been by no means reached.

The actual chemical reactions in the process of car-

bonization and the effect on them of various tempera-

tures offers a subject for further profitable study.

There is opportunity to increase the quantity of

residuals recovered to believe that the market for

these residuals can be substantially increased.

A small percentage of saving in the cost of the

product is ijitickly reflected in the year's earnings. .\
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companv selling 500.000.000 cii. 11. per annuni is one

of nu'diiim size and yet a reduction of 1 (.1. i)ci" (,000

oil. ft. in the cost of manufacture or of distributing

the gas means a saving to that company of $5,000.00

])er ;innum.

it has been demonstrated that gas can lie manu-

factured b\ a large plant and distributed by means of

a iiigh pressure service to smaller communities many

miles distant, where it can be sold at a price much less

than that at which it could be manufactured and dis-

tributed locally. This is a development which is cer-

tain to be of future importance, but calls for more

engineering skill than it has received.

Gas is becoming used more freely for industrial

])urposes and this held should ha\e the most careful

consideration.

The man who is best equipped to improve and

develop the gas business should have the knowledge

of chemical and mechanical engineering that can be

obtained at the institute, and for such a man there

should be a successful future in this industrv.

A recent U. S. Ci>nsular report states that there is

nuich interest at ])resent in the possibility of important

developments in \ew Zealand as regards its presum-

ably large resources of petroleum and of iron ore. ( )n

the western coast of the North Island of Xew Zea-

land, in the vicinity of Mount Egiuont and close by

the sea at .\'ew Plymouth, there has been for niaii\

years more or less attention ]iaid to promising indi-

c'ations of mineral oil. but until recently attempts to

bore for the oil have not met with much success, the

wells apparently not being sunk to a sufficient dc])th

to get the oil. Lately, however, three bores sunk by

one company to a depth of about 2.500 ft. have re-

sulted in a fair flow of oil being obtained, and also

a strong pressure of natural gas has been revealed.

From these bores about 20 barrels of oil a day are now
being obtained, this oil being shipped in a crude state

to Auckland and Wellington, where it is used in the

local gas works. The Xew Zealand Government some

time ago offered a bonus of 6 cts. a gal. on the first

500,000 gals, of mineral oil produced in the Dominion,

and the company operating at Xew Plymouth has just

claimed and been allow^ed one-half of this bonus,

amounting to $15,000, for the first 250.000 gals, pro-

duced. The attention of English eajjitalists has been

drawn to the district and it is now reported that a sale

of the property owned by this company to an English

syndicate has been effected and that a new company

will shortly be formed, improved machinery pur-

chased for boring operations, and a refinery erected.

It is also proposed to utilize the natural gas for power

purposes. The oil appears to be rich in materials val-

uable as by-products. Refined samples contain about

15 i)er cent, of petroleum spirit below 150° C.

(302° P.), 42 per cent, of kerosene distilling between

150° C. and 300° C. (302° F. and 572° F. ). about 20

per cent, of lubricating oil. 13 per cent, of parafifin.

and 5 per cent, of coke.

THE ACTION OF OZONE ON AIR.-

By M. O. TROY.

Perhaps one of the most universal applications of

ozone will be in the treatment of air for the destruc-

tion and removal of noxious odors, organisms and

emanations. This subject has received .some attention

in .American where the matter of ozone application is

a new one. and much attention in Europe, particularly

in France, where ozone has long been recognized as a

valuable agent of sanitation.

The general consideration of ozone, per se. will not

be dwelt on here, the subject having been extensively

treated in various publications.

Necessarily what follows must partake somewhat of

the nature of a disquisition on the immolation of the

Ijacterial content of the atmosphere ; for notwithstand-

ing the arduous and exhaustive researches of such

men as Erklentz and Flijgge. Atwater, Heyman, Paul,

Dr. Leonard, Hill and others, we are not in possession

of a great deal of unquestionable information respect-

ing anything noxious in the atmosphere, with the e.v-

ception of moisture and bacteria.

( )zone acts on the air as a bactericide as well as a

jiowerful agency of deodorization. For the purpose

of studying the power of ozone to destroy noxious

odors. Scoutettin chose a ward of the hospital at Metz,

having a magnitude of about i.ioo cubic meters. In

this hall he placed two piles of manure about 10

meters apart. These manure piles were permitted to

remain for 48 hours, during which ])eriod the room be-

came filled with a pernicious odor indicating an ad-

vanced stage of putrefaction, as shown Ijy the evidence

of the ammonia evolved.

\\'hen this had been accomplished, two vessels of 8

liters capacity were openefl in the hall, permitting their

contents of ozonized air to diffuse therein. The am-

moniacal odor diminished considerably, though it did

not disappear completely. The manure was then re-

moved and the experiment repeated. This time the

odor disajipeared completely and ra])idh'. the noxious

gases, hydrogen sulphide, carbon bisulphide and am-

monia having been destroyed.

.\ccording to Schoenliein 60 liters of air containing

13 mgs. of ozone will disinfect 324 cubic meters of

air. This figure is somewhat equivocal, however, as

the quantity required in any given case will depend on

the nature and condition of purity of the air.

It will not Ije ovit of place to describe briefly the

fundamental routine of bacterial culture, the reader

being referred to special books on the subject for

further details and information.

The various germs differ among themselves in many

wavs. a most important difference being their growth

and behavior on the organic culture media which are

used for the purpose of studying them. It is necessary

to choose culture media which are habitable by the

various germs studied. P.riefly the procedure consists

*From tlie General Electric Review.
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in applying the bacteria, which are of microscopic di-

mensions and totally invisible to the unaided eye, to

the surface of a medium on which they can thrive, and

in the course of a given period of time to count the

number of colonies which have appeared on this sur-

face.

Bacteria proliferate by a process known as seg-

mentation ; i. e.. they divide at the middle into two

smaller cells which grow and in turn divide each into

two others, etc. ; the process repeating itself continual-

ly about every thirty minutes.

The plates consist of shallow glass dishes into which

is poured the culture medium, which is permitted to

jell in a .horizontal position. These dishes, which are

called "'Petri dishes,"' have a diameter of from lo to

20 centimeters, with straight sides.

The culture medium consists of gelatin, gelose or

agar agar, specially prepared and rendered perfectly

sterile before use.

From what has been said of the rapid jiroliferation

of the germs, it will be seen that at the end of a com-

paratively short time the surface of such a culture

plate which has had germs strewn upon it will be shot

with colonies of bacteria, the number of these colonies

representing the number of original germs, providing

they are sufficiently sparse to fall singly. The planting

of the germs on the sterile plate is technically called

"inoculation."

The experiments of Chap])uis on bacteria in air

have demonstrated the bactericidal value of ozone.

He prepared sterile cotton wadding plugs through

which air was drawn, and then exposed one half of

these plugs to the action of ozonized air, the other half

being kept as checks. The plugs collected the dust in

the air.

A culture medium of yeast bullion was prepared in

some test tubes, and into these were introduced the

cotton plugs. The yeast bullion exposed to the ozon-

ized cotton remained clear, while that exposed to the

untreated plugs became turbid, demonstrating the pres-

ence of numerous micro-organisms in the dust col-

lected from the air. This shows that the germs of the

air, or at least those capable of growing on yeast

bullion, are destroyed by ozone.

Various experimenters have made tests with the

more dangerous disease germs, and De La Coux re-

ports experiments with bacilli carbouis { black-leg dis-

ease of sheep, cattle and goats ) typhoid bacillus, staph-

lococciis. spores of aspergillus niger and diphtheria

bacillus, in which these germs failed wholly to grow

in air containing 1.5 to 2.0 mgs. per liter, i. e., from

0.6 per cent to i per cent of ozone by volume.

Some experiments have tended to show that ozone

does not possess a germicidal action. Prof. Oudin has

investigated this subject and has found that if the cul-

tures of bacteria grow deep within the culture medium,

the action of ozone seems not to be inhibitivc. He has

show n on the other hand, that where a sample of a cul-

ture colony, taken from such a deep seated growth

which had previously been exposed to ozone, is from

the exposed layer at the surface, no inoculation of a

second plate can be obtained.

If the ozone concentration of the air be high; e. g.,

8 to 10 gms. per cubic meter, the germicidal action

will be foimd to be cjuite powerful even in deep seated

cultures.

Experiments with cultures of the tubercular bacilli

have shown that these grow with only one fourth the

rapidity of check cultures, when exposed to the action

of ozonized air.

These results show that where ozonized air comes in

contact with the living colonies their development is

impeded ; but that when the bacterial colony grows

deep within the cidture medium, the action of ozone

applied to the surface only is less marked, if not alto-

ghether imperceptible.

This is what should be expected according to Ohl-

miiller, who has demonstrated that the bactericidal

action of ozone is greatly interfered with in the case

of colonies growing on organic matter : for the ozone

oxidizes the organic medium, thus destroying itself,

before it makes sensible its action on the bacteria.

Uzone destroys itself in oxidizing organic matter and

coagulates albuminous matter.

It may be deduced from the foregoing that any

extraneous organic matter found in air which it is

desired to sterilize, will diminish the action of ozone

by combining with it ; and in consequence, the air

should be first filtered whenever practicable. Many
failures to produce sterilization in researches on

ozonizing air have resulted from the presence of a

relatively large amount of organic matter in the air.

Ozone will find ah application in the sterilization

and deodorization of the air of hospitals, apartments,

studios, schools, etc., wherever there is likely to be

large crowds.

In stables, chicken coops, toilets and factories,

where there are evolved noxious emanations, ozone

will greatly ameliorate the conditions. In particular,

the shops for assorting rags, manufacture of fertiliz-

ers and factories which work gelatin, glue, hides, hair,

fat, bones, horn and other slaughterhouse by-products,

and those which are a source of emanations dangerous

to the public health, will find in ozone a powerful ally.

W herever pure sterile air is of value in the factory

either before, during, or after the completion of the

product, e.g., distilleries, breweries, wine houses, etc.,

the use of ozone should be resorted to.

Exi^erimental installations of ozone apparatus have

been made by the engineers of the General Electric

Co. for the purpose of studying the applicability of

ozone to the purification and deodorization of air

under various conditions.

The Art Theater on State St., Schenectady, X. Y.,

a moving picture show, had experienced difficulty with

its ventilation. The theater consists of a hall about

30 l)v 100 ft., and the ventilation is provided by a

suction l)lower capable of aspirating about QO.ooo cu.
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ft. per hour. Tlie matiagcinent were very ciesirou.s of

providing the best ventilation possible, as is evidenced

by the elaborate and expensive system cited. It was

found, however, that notwithstanding the magnitude

of the blower, "crowd odors" persisted in the room.

The blower was as large as could be used, for any-

thing larger would have produced obnoxious draughts.

.As a solution to the trouble, an ozonator was in-

stalled above the front entrance to the theater, in such

a way as to permit the ozonized air to diffuse into the

current of ventilating air drawn toward the aspirator.

The instantaneous effect of this was remarkable. The

theater has been entirely deodorized and even during

the hottest weather of the present summer the air

within the theater has been fresh, cool and odorless,

excepting for the faint and rather pleasant smell of

the slight excess of ozone.

The next case which we may cite provides an even

more remarkable instance of the efficacy of ozone in

deodorizing obnoxious air, since this case relates to a

factory in which, through the nature of the work

carried on, emanations are evolved, which constitute

a vehicle of certain volatilized dilutents and solvents

of the varnishes and adhesives used. In a workshop

some fifty feet by one hundred feet upwards of two

hundred girls are employed in the preparation of vari-

out articles of pasted mica. It is easy to realize that

the problem of providing clean air under such condi-

tions will always be a diflicult one, and in the present

instance a considerable expenditure of money and

ingenuity was incurred before the correct solution was

found. In order to obtain a sufficient supply of fresh

air to counteract the effects of the noxious fumes it

was necessary at all seasons of the year to have all

the windows of the building open to their fullest ex-

tent. This plan was feasible during the summer

months, but. during the winter, when the temperatures

below zero were encountered outside, it was necessary

to provide a very costly system of heating, in order

that the temperature of the room might be sufficiently

high to make the place endurable. Many thousands

of dollars were also expended in providing draught

pipes of large diameter for conducting to the outside

atmosphere the fumes diffused by each machine, A
point was reached at which it became imperative that

some less costly and more efficient system of cleansing

the air be adopted, and it was at this point that resort

was made to the ozonator.

Two of these were installed and were placed on the

center line of the room, each one being some 25 ft.

from each of the two end walls. The effect of their

action was that during the winter months, the win-

dows, which formerly had to be opened to their fullest

extent, required now to be opened only to the extent

found necessary in ordinary living rooms. The costly

draught pipe system for conducting away the noxious

fumes from the machines was removed, and the atmos-

pheric conditions, as far as the comfort of the em-

ployes was concerned, were every bit as good as are

to be found in any other workshops.

Previously, there were occasions during which the

atmosphere became so befouled that the whole staff

were compelled to leave thir work through general

malaise; while at the present time if through any

abnormal condition such as failure of current supply,

the ozonators are unable to operate, the reversion to

the old state of afifairs is instantaneously noticed,

A third instance which we may quote illustrates the

use of the ozonator in purifying the air of buildings

which have become burdened with smoke and fumes

of combustion. Messrs, Charles Holtzmann and Son

are the proprietors of a large store on ,State St,,

Schenectady, for the supply of clothing, furnishing

goods, etc, and were recently put to considerable in-

convenience as the result of a fire, which broke out

in a stable located towards the rear of Messrs. Holtz-

mann's premises. Clouds of smoke from this fire

invaded the clothes store to such an extent that not

only were the rooms on various floors rendered un-

tenable, but the goods with which these floors were

stocked became, in many instances, impregnated with

the odor of smoke, A delay of several days disastrous

to the interests of the management might very easily

have been occasioned: but at this juncture an ozonator

was installed on each floor with very gratifying results.

In the almost incredibly short space of twelve hours

the atmosphere on each floor was purified and brought

to its normal condition. At the same time the ozone

seems to have acted upon the stock, which was car-

ried on these floors, as a deodorant and fumigator,

to the efifect that all odor of smoke was immolated.

This instance illustrates the utility of the ozonator in

directions which up to the present have not perhaps

been very generally recognized.

It would be an easy matter to multiply instances

aft'ording remarkable evidence of the beneficial uses to

which the ozonator may be commercially applied, but

the foregoing will probably suiifice to give an indica-

tion of some of these uses.

In the sterilization of air, the ozone should be blown

into the apartment, or the air should be drawn through

a special chamber in which the ozone is mixed with it.

It is important that the ozone come freely into contact

with each individual particle which it is desired to

destroy.

The inachine for producing the ozone should not

produce any nitrons oxide or any other gas having an

untoward action on the human organism.

The generation of ozone should continue until the

air, as determined by experimental test, is thoroughly

sterilized, and the machine should produce this result

without loading the atmosphere with ozone to an in-

jurious concentration.

The Home & Foreign Cotton Co,, Ltd., has recent-

1\ completed a $500,000 cotton spinning mill at Shang-

hai, China.
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THE MANUFACTURE OF PORTLAND
CEMENT FROM BLAST FURNACE

SLAG.-

By RAY S. HUEY.f E. E.

I'ortland ceiiieiU is now almost as familiar to the

s,'eneral public as wood or stone, and its uses have

become so general and diversified that it has become

an invahialile material for durable and fireproof arti-

cles in the arts and sciences. The fact that Portland

cement is so easih' worked, and that almost any one

of average intelligence can do a creditable job with

it, makes it a building material for which there is an

e\'er increasing demand. It also has the advantage of

being a product, the raw material for the manufac-

ture of which can be found in almost any localit}' in

the world, and if the demand is great enough can be

made close to the locality in which it is to be used,

thereby reducing the cost of transportation.

I'ortland cement is a combination of silica, iron,

alumina, and hnie. in proper proportions, the raw

materials of which may be obtained from shale, clay

or blast furnace slag and limestone or marl. The

process of manufacture, using the l)last furnace slag

and limestone, at the Ihiftington plants ( Xos. 3, 4

and 6) of the Universal Portland Lenient Co., is the

one which will here be described.

^iany perst>ns are under the impression that the

slag from furnaces of any description, blast or open-

hearth, can be utilized for making cement, but this

idea is erroneous. Slag suitable for cement is very

carefully made, and of suitable materials— for ex-

ample, the slag from a blast furnace using dulomitc

( magnesium limestone I as a fiu.x cannot be used l)e-

cause the percentage of magnesia in the cement would

lie too great to pass standard specifications.

Slag is a logical raw material for making Portland

cement: it contains roughly 36 ])er cent silica, 14 per

cent iron and alumina, and about 46 per cent lime, is

readily fusible, and simply re(iuires the addition of

more lime in the proper pro])ortions to make the mix-

ture tor first-class P(~)rtlanil cement. It is in a finely

divided state, so does not require crushing, and conse-

iptentlv is readilv handled. I'.last furnace slag suitable

for use in the manufacture of cement is made b\- al-

lowing the molten stream of slag to run from the fur-

nace to a tank where, as it falls oflf the trough, it is

struck liy a stream of high-pressure water which cools

•From The Armour E-ngineer.
rAssistant S\iperinti-n(lfiit Plants 3, 4 am! fi. fnivi^rsal Porl-

lanil Cempnt Co.. Biiffington. Ind.

and disintegrates it immediately. It is then loaded

into h(jpper-bottom steel freight cars by a' traveling

crane, which digs the granulated slag out of the water

by a clam-shell bucket, and shipped to the cement plant

where it is dumped from a trestle into large bins.

The slag is in small particles, slightly resembling sand

in size and color, and contains a large percentage of

water, varying between 20 per cent and 40 per cent

—

depending upon the physical character of the particles

and the temperature at which it was granlated.

This slag is discharged from the raw material bins

into elevators which carry it to the dryers, these being

slowly revolving cylinders having compartments lined

with riights which lurn the material over and over

and keep it traveling toward the discharge end, allow-

ing hot gases to come in contact with the wet slag and

drive ott the moisture.

The slag is now elevated again in bucket elevators

and spouted to various ball mill feed hoppers which

are intended to keep a sufficient stock in them to keep

a mill supplied for some time, should the preceding

machine which supplies the hopper have to be shut

down for repairs. The slag is preliminary ground in

,1 ball mill, conveyed to an elevator by a belt conveyor,

and again elevated to hoppers over the weighing ma-

chines or scales. The ball mill consists of a j)air of

steel discs mounted on a .shaft alaiut 5 ft. apart, hav-

ing 20 heavy cast-steel wearing plates mounted near

the circumference. Ten of these plates are solid and

ten are perforated, and are mounted in such a way

that when the 4.500 lbs. of 4 in, steel balls fall on the

material to be crushed, some will be crushed and go

through the perforated plate. Between the steel wear-

ing plates and the periphery of the disc are two sets

of screens, consisting of one set of heavy protecting

screens of perforated metal w liich protects the lighter

and finer wire-cloth screen on the I'Utside from injury

in case a steel ])late breaks, and which also takes

the wear oft' the lighter screen from material which

cc>ul<! n(.)t [jossibly go through the fine screen. \\[

the material which does not go through is returned to

the ]ilates and cru^heil until it w ill go through.

The limestone, which is the other ingredient of the

raw material mixture, is quarried at the company's

i|uarry in the i-"airmount District, crushed to about

a fi-in. cube or smaller, shi])ped in steel hopper cars

and unloaded into the trestle bins in the same manner

as the granulated slag. It is then crushed to about 1 y

>

in. in a gyratory crusher, elevated to a dryer, dried

and ground in the same manner as the slag.
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llio dried shii; ;iiid stone are in separale bnis aljove

a pair of tandem, autoniatie. eleetrieallv oi)eratcd

scales, and are conveyed to the scale hoppers by means

of screw conveyors. The scales are arranged so that

a contact is made with a dumping mechanism, which

discharges both scale hoppers simultaneously after

both are up to full weight. The material is then

mi.xed and carried by a screw cniivevor from a hopper

below the scales to a bucket elevator which spouts

the mixture to the tube mill hoppers.

The final raw material grinding is done in tube mills,

each of which is a tube 5 ft. or (1 ft. in tliameter and

22 ft. long, and lined with hard ca>t-n-iin plates bolted

to the shell. The shell is supported li\ a head at each

end on whicli is a hollow trunnion, the material being

fed into the trunnion at one end and discharged

through the one at the other end. This mill is aliout

half-filled with Hint pebbles and is revolved at about

25 revolutions per minute, thus causing the material

to be crushed to a line powder by the falling of the

pebbles on it. The finished raw material mixture is

taken on a belt conve\'or to an elevator, and then

across a bridge by a screw conveyor to the hoppers

over the feed end of the rotar}- kiln-, in the burner

building.

The kilns are steel shelh lined with lire-brick about

7 ft. T) in. in diameter and 120 ft. long, and are set on

a pitch, which, w hen the kiln is rexc^lved, tends to move

the material toward the lower end. The kilns turn

aroitnd once per minute and by the time the material

is discharged at the lower end it has been fused by in-

tense heat into balls called clinker. The rotaries and

dryers are heated through the combustion of inilver-

ized coal blown in by an air-blast, this producing a

flame that appears very much like a big gas fiame and

a temperature of about 2350^1''. at the hottest end of

the kiln.

The pulverized coal is i)roduced by crushing and

drying coal screenings and then pulverizing them in

Fuller mills, one of Vhich consists of a vertical shaft

having mounted on it a spider which pushes four 9-in.

balls around a hard cast iron ring with sufficient ve-

locity to furnish the necessary centrifugal force to

crush the coal. \W means of a fan attached to the

main shaft abo\e the balls the fine coal is bluwn

through the screens.

The clinker is now elevated and sinnued intd a large

ol)en bin holding aliciut 75,0(Xj bbk.. and is piclscd up

and distributed by traveling cranes, to wiiich are at-

tached large clam-shell l)uckets. While on the pile the

clinker is s]jrinkled with water until it contains about

I ''2 per cent moisture, this being to slack out the free

lime which is always present in small amounts in

fresh clinker. When properly seasoned, it is |)icked

up again by the cranes and put into the hopjjers over

the clinker crushers in the finishing mill. In jaw-

crushers, the large lumjis are crushed to about 1 in.

in diameter, and the clinker falls into the Maxecon

mills, to be granulated.

rile .\la\econ nnll is a machine ciniiposed essen-

tially of a ring having a concave inner surface, and

three rolls having convex outer surfaces made of

hard material. The rolls are set 1 20° apart and pull

out against the inside of the ring. The tension be-

tween the ring and the rolls is regulated by a spring,

each one of which reacts between the frame of the

machine and a yoke on which are mounted the bear-

ings for the shaft holding each roU. The toii roll is

driven, and this through friction drives the ring which

in turn drives the two bottom rolls. The material to

be crushed is fed in between the ring and one roll and

the centrifugal force carries it around inside of the

ring to the next roll, this continuing until it drop> off

through the frame to the elevator. The ele\-ator then

lifts the crushed material to a screen in which the hue

material is separated and taken to the g\psum scale.

The coarse material remaining is returned to the

.M.ixccon nulls to be crushed again.

I'y means of autumatic weighing niachine> abnut

2 \)cr cent gypsum (calcium sulpliate I is added tn

regulate the setting time of the cement. Cement w ith-

out gy]3sum would set in about 3 or 4 minutes, so it

can readily be seen that it would be useless to work

with as a building material, for the most rapid mixer

and workmen would be unable to mix and place the

concrete before it would set.

h'rom the gypsum scales the ground clinker is again

elevated to the hoppers over the tube mills and given

a final grinding. The cement in this condition is lin-

ished and is conveyed 1)\- a belt conveyor from the tube

nulls to the storage bins in which it is kei)t until re-

i|uired for shipments. When this is desired it is

drawn out from the bottom of storage bins, through

gates into the screw- conveyors to elevators, thence to

packing hopper, packed by automatic weighing ma-

chines into '4-bbl. sacks, either in paper (jr cloth, and

loaded into cars for shipment.

The total combined capacity of all the plants of the

l"ni\ersal l'(jrtlaiid Cement Company is 40.000 libls.

]ier day. of which 27,000 are made at nuffingtoii, in

Plants _^. 4 and 6. This re(|uires about 200 cars of

r.iw- material, and about too to 300 cars, depending on

the season of the year, are required every da\- in

which to ship the finished jiroduct.

The finished cement is sampled by an automatic

sampler once every eight seconds, and this sample

taken to the laboratory every bnur where complete

te-^ts fi.r fineness, setting time, and soundness are

made. b'very car is sampled before shipment, and

the same te^t> made in order that there may be com-

plete records for refer.ence. .Kbout <)() per cent of

the finished cement will pass through a loo-mesh

sieve, which has 10.000 holes per s(|uare inch— the

diameter of the wire forming the sieve being .0043

in. .About 80 per cent will pass throvtgh a 200-mesh

sieve, having 40,000 holes per square incli— the wire

in this case being .0024 in. in diameter.

Chemical analyses are made continually to keep the
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ingredients in the raw material constant, and strength

tests and analyses are made dail)- to see that the qual-

ity is kept up well above the standard requirements.

All the machinery is electrically driven, and re-

quires approximately io,cxx) H. P. at the sub-station

switchboard. The power required is generated by

the waste gas from the blast furnaces, by either steam

engines, steam turbines or gas engines, and trans-

mitted ten miles at 22,000-volts, 3-phase. and 25-

cycles, to the sub-stantion in which it is transformed

to 440-volts and distributed to the dilYerent buildings

by independent switches, so that in case of trouble in

one building it can be disconnected and the trouble

remedied. The machines are individually driven and

as far as possible direct connected, thus eliminating

many belts and geared speed-reducing devices. This

makes it possible to shut down each machine for re-

pairs, when necessary, without disturbing the rest of

the mill, and so allows the mechanical department to

keep the plant in a better state of repairs.

The motors are all of the squirrel-cage induction

type and give very little trouble under the severe loads

and dust conditions which are found in a cement plant.

The progress made in the improvement of machinery

for grinding cement has been remarkable in the last

ten years and nearly all the machinery installed then

is now out of date.

P'rom a college man's standpoint a cement plant is

an interesting place. To be a successful operating

man at the head of a large cement plant, he should be

a chemical, mechanical and electrical engineer com-

bined, and the more thorough the ground-work the

more capable man he will be. In detail, regarding the

engineering qualifications of the head of such a plant,

he should know the effect of certain variations of the

raw material. It is also necessary to know the effect

of the chemical constituents of the steel and other

materials which are used in machinery, in order to

get the most efficient and durable material to be used

in new machinery, or in making repairs. As a me-

chanical engineer he is called upon to figure strength

of parts, size of pulleys, capacity of machinery, and

design new improvements.

Since my connection with the cement plant, my
viewpoint regarding machinery has been entirely rev-

olutionized. I formerly thought that when a machine

was purchased it was ready to do the work for which

it was designed without any changes. I have found,

however, that with few exceptions there is hardly a

machine on the market which does not need recon-

struction to make it better and more adaptable to the

work required of it and there is frequently a small

detail, the lack of which will" make it a failure. It is

here that a thorough knowledge of mechanical engi-

neering coujiled with a practical experience gained

under individual conditions is valuable. It is there-

fore necessary to scrutinize carefully the detail draw-

ings of every machine and try to see in one's mind

whether the design of a new machine cannot be al-

tered to adapt it to the work to be performed in your

particular plant, as most machinery seems to be de-

signed by persons who have had little practical oper-

ating experience, and consequently know but little of

the difficulties which are encountered in the operation

of their own machinery.

On account of the increasing use of motors and

electrical apparatus in connection with the cement in-

dustry, if one is to be familiar with the details of the

work under him he must be qualified to pass on the

design of motors and transformers and all kinds of

improved electrical apparatus which must be built to

suit certain conditions. He must be able to design

and calculate new installations and make specifications

to meet his peculiar requirements. He must also

know how to diagnose electrical troubles and prescribe

the cure. When one is qualified to meet all the above

specifications, he still has the most difficult problem

before him, w^hich is that of handling men. To have

a good organization which will pull together and pro-

duce results at a minimum cost, is the goal of every

man in an executive capacity, not only in the cement

industry, but in every other kind of business.

According to an article by Mr. Walter Freudenberg

of Bremen, the estimated planted acreages of rub-

ber as given by three of the leading trade publications,

are as follows : India Rubber Trades Diary, 776,-

000 acres ; India Rubber Journal, 980,000 acres ; Gum-
mi-Zeitung (Berlin), 1,310.000 acres; Mr. Freuden-

berg takes the second estimate as the basis for future

yields, and gives the future supply as follows : From
Malaya (authority. Sir John Anderson), 70,000 tons;

Ceylon (authority, Ceylon Observer), 19,000 tons;

Dutch Indies, Borneo, South Mora, and Burma, 20,000

tons : total annual supply of plantation rubber in

1916-17, 109,000 tons. To this must be added the

probable supply of wild rubber, which until recently

has been about 70,000 tons annually. He considers,

however, that the supply from this source may de-

crease, in view of the larger crop of plantation rub-

ber, and estimates only 35,000 tons, making a gross

total of 144,000 tons in 1916-17. As to present and

probable future consumption, it would appear from

available statistics that for the year ending June 30,

1910, a total of 76,000 tons was used, showing an in-

crease of about 5 per cent annually during the past

10 years : and if this rate of increase continues, about

107,000 tons would be required by 1916-17. But this

rate of increase does not, of course, take into consid-

eration new uses to which rubber may be put.

A $200,000 California corporation has started quar-

rving onyx in the Serro Blanco Peninsula, Lower Cali-

fornia, about 200 miles south of the international

boundary. Thirty men are now employed in the com-

pany's quarries, and monthly shipments will be made

from the landing at San Jose. This Mexican onyx

lays in flat ledges close to the surface.
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TITANIUM AND ITS BENEFIT IN IRON.

By CHARLES V. SLOCUM.

When the manufacture of titanium in the shape of

an alloy was undertaken on a commercial scale in

IQ07. the results in primary tests were considered for

a time as the basis upon which it would be necessary

to place this material on the market. When a number

of trials had been made, however, it was found that

dilTerent results were apparently secured and it then

became necessary to modify these original ideas in ac-

cordance with these developments and in fact since

three years is not a long time to learn everything in

regard to a new eleinent, this modification is still

going on.

When it is remembered that the output of titanium

alloy e.xceeds that of all other alloys combined above

the grade of manganese and silicon, and that this de-

velopment has been made in such an unusually short

period, it is safe to assume that as time goes on the

results will be still more developed, percentages

changed for certain purposes and the whole situation

become inore definitely systematized and made to con-

form more readily to the methods and ideas which

time and experience can alone develop to the fullest

extent.

It was the idea at first in using titanium in iron that

since comparatively large percentages gave increased

strength in tensile and transverse tests, that these

larger percentages were essential to the process of

securing a titanium reaction in the metal and there-

fore must be used. Gradually, however, it became

evident that minute percentages of titanium were suc-

cessful in producing many of the benefits of a larger

(|uantity. As for instance the use of two-tenths of one

])er cent of allov which contains only 0.02 of metallic

titanium is frequently sufficient for the purpose de-

sired, which consists principally of cleaning the iron

of im])urities remaining in the metal after the ordi-

nary fluxes have accomplished all that they can in

this direction. This cleansing is not one which is pos-

sible with limestone or with fluor-spar, for these

fluxes have no effect whatever upon the oxides or

nitrides contained in the molten iron.

Titanium, on the other hand, removes both of these

objectionable elements partially in any event and

wholly or practically so when sufficient alloy is used

for the purpose. The effect then of the small frac-

tions of a per cent in iron is, more practically speak-

ing, to increase the fluidity of the iron and at the same

time to make the metal more homogeneous, so that the

*Froni a paper presented at the Pitt.sburg Convention of tlie

American Foundrynen's Association.

resulting castings are closer grained, are free from

|iin-liulcs and gas bubbles or blow-holes, the ii"on has

a denser structure and at the same time is easily lua-

chined.

The shrinkage is less in the treated iron than in the

plain or imtreated casting. This is particularly true in

hard or chilled iron, where heavy castings, such as car

wheels, will shrink an eighth of an inch less or one

whole tape ninnber in circumference.

.Much finer work may therefore be done with iron

treated with the alloy, since the casting will conform

more nearly to the original pattern and will have a

more uniform shrinkage than the plain iron.

In a letter dated .April 5, 191 1, the writer was ad-

vised by Asa W. Whitney, metallurgist of the Enter-

prise l-'oundry & Machine Co., liristol, Va., that he

has made a number of careful trials of titanium in

hard or chilling iron. He finds that o.i to 0.2 per cent

(if the alloy is usually all that is necessary to make
otherwise viscous, high chilling mixtures come from

the cupola close grained and pour from the ladle as

freely as iron carrying half as much chill and of more

open grade. The iron pours well to the last and gives

clean solid castings. "I find," Mr. Whitney says,

"that 1 am able to compensate for the cost of the

titanium with less manganese and a trifle less silicon.

To foundrymen the fact that the metal remains hot

longer than untreated iron is a matter of much im-

])ortance for certain classes of work, since the greater

fluidity means that the iron will settle more slowly in

the mold, and thus give time for the gases to escape

and more time for the iron to fill every smallest out-

line of the mold without pulling away from the main

body of the casting. These features of good foundry

practice are some of the ones which are often over-

looked, and a high percentage of bad work results.

Now in relation to the benefits to be expected from

using larger proportions of alloy, I maintain that a

great deal of imdue importance is often attributed to

an increase in transverse and tensile strength. This

may be necessary for certain government work and

for some few castings which must resist unusual

stresses in service, and for such it is necessary to use

at least i per cent of titanium alloy.

My contention is, however, that such a percentage

is not only a serious increase in cost per ton of prod-

uct for ordinary castings, but in all the practical uses

to which most castings are subjected no special in-

crease in strength is required, although an imjirove-

ment in quality may be absolutely necessary. We
have in mind a recent case where the castings in a cer-

tain foundry were stronger than necessary, were well

made and were satisfactory to the foimdry superin-
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tendent and to liis customers, but when he tried the

sniaU quantity of alloy usually reconmiended for such

cases merely for the purpose of improving the fluidity

of the molten metal and the density, machining c|uality

and durability of the casting, he found that the ma-

chine shcip of one of the great railroad companies

which turned up the casting reported that these treat-

ed specimens
(
piston rings ) were closer grained, more

like steel and were more desirable for their purposes.

Yet of the four test bars cast, one of untreated iron

was strongest in transverse .strength.

( )n the other hand a large manufacturer of my ac-

quaintance having a ten ton casting to make and being

anxious to have no failure in so important a job,

added i per cent of titanium alloy and seemed a

splendid casting which may have cost him S25 extra

for all the alloy used, but which made a sure thing of

a single part of the machine worth at least $400 even

without including the machine work.

To summarize these statements then, it may be

said that titanium alloy is of great benefit in small

percentages for fluidity, for sharper castings, for re-

markable uniformity and for durability, while the

larger percentages are for strength and density of

metal in addition.

1 realize of course that certain classes of work do

not justify an increase of cost to any extent worth

mentioning, and yet even in cheaj) work the use of a

pound or two of alloy per 1,000 lbs. of iron is a dis-

tinct benefit to the metal and costs but 2^ to 50 cts. per

ton of product. ( )ther classes which will perhaps bear

a little more expense may be increasingly benefited

with three or more pounds ])er 1.000.

( )ne imjjortant feature of titanium in iron should

not be overlooked, viz. : the great durability of all

metal into which it enters. In some tests made by

I'rof. M. Hokanson at the Carnegie Technical Schools

some two years ago the following results were ob-

tained :

Chilled test blocks machined down to approximately

Yz in. by ^ in. by 1 in. were used.

First Test.—LTnder crushing strain, blocks from

plain untreated irc>n developed 173,000 lbs. per sc[uare

inch at failure. Metal from same tap of cujiola. but

treated with 1 jier cent of titanium alloy, developed

298.000 lbs. per square inch at failure.

Second Test.—Chilled test blocks from a different

foundry and made from plain iron, machined as were

the others previously mentioned, developed 200,000

lbs. per square inch crushing strength at failure, while

similar pieces from same tap of cupola, but treated

w'ith I per cent titanium alloy, developed 392.000 lbs.

per square inch at failure. It seems to be this qualit\'

of burden bearing imparted by titanium which has

made such a demand for its use in steel rails.

Iron castings which require great care in molding

and which are difficult at all times to make may well

be treated with titanium, for such castings cost much
money to manufacture and a high percentage of loss

wi>rk> havoc in the showing of profits for a year's

bu.-iness.

In cylinders, for instance, and for locomotives and

stationary engine castings of various kinds, many
manufacturers from the Atlantic to the Pacific are

now using this cleanser and purifier as a means of not

only improving the casting itself, but of reducing that

deadly percentage of loss which often stares the foun-

dry officials in the face from one month's end to an-

ijther.

The feature of greater fluidity cannot be empha-

sized too strongly. When we seek for increased

fluidity through the addition of ordinary fluxes the

result is often disastrous, for much fluxing makes the

metal boil and blow holes, pin holes and defective

castings generally result, together w'ith increased ex-

pense in the repairs or even in actual relining of the

cujKila, sometimes necessary from this method of pro-

cedure.

\\'hen titanium alloy is added in the cu])o!a. it does

not affect the lining unless large percentages be used,

and when the larger percentages are necessary it is

better to add the alloy in the ladle with the usual pre-

caution of keeping the alloy from the slag so that the

full benefit of the use of this cleanser may be se-

cured. There are times when it is not practicable to

use the alloy in the ladle and other times when it

should be used there.

To illustrate, in adding i per cent of alloy for

purposes already mentioned it should preferably be

done in the ladle and. if practicable, in the receiving

ladle, but this can only be done there when it is possi-

ble to keep the iron free from slag by skimming or by

some other means. Titanium attacks slag as a bull

dog attacks an enemy, and the former should there-

fore always be used to cleanse the iron from im-

purities remaining in the metal after the melting

process is completed and never by any chance be al-

lowed to reach the slag already on the surface of the

iron or about to be removed from its surface.

These facts are presmnably quite fully understood

bv the best foundrymen. but occasionally it is found

that some one continues to try the experiment of

throwing the alloy into the ladle after the iron is

already there and necessarily secures very indifferent

results, if any.

In a recent trial of titanium alloy in the cupola with

a nnxture of burnt iron, stove plate, etc., in a large

foundry in the Pittsburg district the rather large per-

centage ( for iron ) of half of i per cent of alloy was

used, together with one-half of i per cent of ferro-

manganese of the usual 80 per cent grade. This trial

demonstrated the interesting fact that the poorest mix

which can be imagined perhaps may be brought to

good normal number one iron by this method. The

average of all the test bars, of which there were ten.

was 3.100 lbs. breaking strain and an average deflec-

tion of .146 in.

I'lider ordinar\- condition:^, with the addition of the
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nuiiii^iincsc ciiil_\-, the >Hvnylli wculd scarcely lia\e many of the causes of bad castin.^s and feel sure llial

reached 2.0iX) lbs. per square inch. many foundries can save money by using it, in addi-
The name of the plant where these castings were tion to obtaining a better (luality of castings. 1 have

made will be cheerfully given to any one desiring to several times seen this demonstrated.'"

make the same kind of an experiment. It should be Xo„. there are a few suggestions which occur to the
remembered that burnt u-on is usually high in sulphur ,vriter and which inav have become familiar to others,
and the n-on m these castmgs contained .151 and .147 l,ut it will do no harm to repeat them. viz.

:

sulphur respecti\-elv bv two difterent analvses. Such , u j . ,
,

, , ,
• : . , -,

, ,

III usmg anv allov do not govern the tiuaniitv or the
a rcmarkal)le strength Irom such remarkably poor ^i 1 ^- 'i 1

'
1 ,

, . ,, ,. ,.,
, ,, / method entirely by the mere untested statements of

iron IS unobtainable at anything like the small cost bv ,1 1.1'' 11 11, ...
, . - * . , . ,

others, but be governed largeh- bv the particular teat-
anv other process, since the expense ot making the . ,• r ,, ,•

' ,
"

,
, ,

. , •

, , . „ . ,. '' vires and practices ot the tuundry m which the trial is
metal h(^mogeneous. ot excellent wearing ciualit\-. etc..

, , 1 .- . ' ,
,

, , , . ,,,, . -, .
li> lie made, ror instance, one ot our best known

was about i>i.so per ton of castings. Ihe iron betore ,- . ^ r 1 r
',

, , , , . . manutacturers reports a tailure of titanium alloy to
treatment could scarcely have been given aw-av tor • , , , ,

•
,

, •,
, , „ ' improve iron when used 111 a cuijola which was not

ordinary purixises and was possibh' worth $10 per ton. 1 , 1 i
•

1 1 r 1 , ,

.,,, , , r ,
"

, ,
slagged and which therefore kept the titanium in al-

1 he complete analysis of the treated iron bv two sep- . ^ . . . -^i 1
• , ,

, . .
•

, ,,
' most constant contact with the very impurities which

arate determinations was as follows

:

11111, r ' • ,

snould have been kept away from it. Such a poor
Silicon. C. C. G. C. Phos. Snlpli. Many. ; j 1111 1 , , , ,

,., , -,, ,, -A -,,, 1-, -, "^"^ "* g'-"ja ?''^V "*-'" should be placed m the dark
l.-Vl .ill J.oil .-llll l-ll .li . , .

1.311 III J.4-.' .4-"i:) .147 .T'l corner and kept there tor all time.

Average nf ten test liars, .l.loii llis. Another questionable procedure is to have a few of
Mininuini. .',!iiiii Ihs. Maximum, :!,Jii.-, 11,.. the castings looked after carefully by some good man
Not to be misunderstood. I desire to rejieat in brief like the foreman or even the superintendent, and then

that high sulphur iron may be made strong and avail- t<i have the other titanium additions for the same kind
able for practically all jiurposes by an expenditure a> ,,f iron and fn.m which the .same results are expected,
above of $1.50 or less per ton of metal melted. looked after by some laborer or •hunkey" with as

In the works of one of the best known foundries in nmch knowledge of the necessities of the case as the
Columbus. ( )., they use for certain jnirposes a cheap city directory has of metallurgy.

mixture which analyzses about as follows: The don'ts are perhaps more necessary in the use

SiHcun l.Oii of this alloy than important rules of guidance. We
Sulphur ., 0.11 ^ 11 • . , - ,•

Phosphorus • 0.5") ^ ''" ^^"(ly into iron or into steel tor a distinct

Manganese U.50 purpose, but unless we can at the same time place a

One-fourth of i per cent of titanium alloy was little common sense and good foundry practice along-

added in the cupola and the foundry foreman reported with it, the results will be doubtful in the extreme,

immediate benefit in the fluidity of the metal and in \\'e can undertake to put a great deal of pressure

the distinct improvement to the castings. This re- upon the foreman, but unless he has sufficient fore-

juvenation of the iron, so to speak, involved an extra ^ight to realize, for instance, that silicon, although

cost of 62'/2 cts. per net ton of metal treated, and was used as a softener, is also at times a great vveakener

more than repaid in the reduction in had work with- of good iron and therefore should be used as spar-

out regard to the benefit to the iron. Castings from ingly as possible with titanium (which does all the

this iron, with fine grain and good metal, were made softening necessary without doing any weakening at

which were only 5-16 in. by '4 in. section. all), it would be useless to instruct him as to the

As a substitute for charcoal iron, titanium is mak- merits of any alloy. A mere man is onlv one of the

ing much ])rogress. In a letter dated Jan, 9, 191 1, the most obtuse of tiod's creatures unless he uses the

secretary of the .American Foundrymen's .Association, good gray matter with which most men are endowed
Dr. R. Moldenke, states as follows: and which is so necessary in the manufacture of good

"I am getting more and more confirmation that by gray iron,

the use of titanium as one of the most easily oxidized In conclusion the uses of titanium in iron may be

elements I know of, we will eventually make a com- summarized as follows : \ erv small percentages, as

mon coke iron equally as good for our jiurposes as low sometimes as one-tenth of i per cent (o.i) of

the ijest cold blast charcoal iron of the s.ime compo- alloy (only .01 Ti. ). are sufficient to cleanse the iron

sition."' of impurities not touched by limestone or fluor-sjiar.

In a letter dated Dec. 3. 1910, I'rof. John j. Porter while larger percentages increase the improvement in

of the University of Cincinnati gives ex])ression to other directions, making the iron more fluifl (usually

the following idea of the merits of titanium as a better), making the castings shar])er. finer grained,

means of securing better castings without regard to free from blow holes and ])in boles and easily ma-
the mere question of strength, which as a rule takes chined, while at the same time the exjjense runs from

care of itself in a well regulated foundry : 23 cents per ton of castings u]) to say $3 as a maxi-
"1 believe most thoroughl\' in the great value of mum. all of which is often repaid in the reduction of

titanium in cast iron. I know thai it will remo\e bail work ;iiid in improving ]i(iiir irons.
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PURE IRONS FROM THE OPEN HEARTH
FURNACE.-

By DR. ALLERTON S. CUSHMAN.

It is the object of this paper to present to your at-

tention the important step in metalhirgical develop-

ment which has made possible a process for making

irons of extraordinary purity on the large scale usual

in steel-making operations in the open-hearth furnace.

Purity in a commercial product is difficult, if not im-

possible, to define, and it is necessary in the beginning

to state emphatically that although the words "pure

irons" in the title have been selected advisedly, there

is no intention to go beyond the actual facts.

That the electrolytic theory of corrosion is now ac-

cepted, bv the large majority of authorities both in this

country and in Europe as having left the realm of

pure theory for that of fact, is shown by numerous

very recent contributions to this subject. In the early

days of these investigations experimenters found it

extremely difficult to obtain samples or specimens of

steel which were to any extent free from manganese,

although, of course, many examples of charcoal and

puddled wrought iron of a high degree of purity in

this respect could be obtained.

About this time, however, a prominent .\merican

manufacturer, struck by the voluminous literature

which had been appearing on both sides of the con-

troversy, determined to make the effort to produce

open-hearth metal of the highest possible commercial

purity, which would be not only as free as possible

from manganese but also from the other four chief

impurities which have in the past been taken special

note of in the manufacture of steel. This decision on

the part of the manufacturer took the experimental

work for the first time from a purely laboratory to a

large mill scale of operation.

As this experimental work proceeded, the material

at first produced was simply a low-manganese mild

steel; and while the movement was decidedly in the

right direction it was only a step forward and the

]iroduct obtained was not very essentially different

from mild steels that had been produced elsewhere

from time to time. When, however, in following up

this work the attempt was made to eliminate the man-

ganese and carbon completely from the metal, the re-

sulting ingots were of such an oxidized character as to

be entirely unsatisfactory and to lead to most serious

troubles in the attempt to roll and manufacture it into

a final product. In fact, material made at this stage

of the progress of the investigations was not pure

iron and was of little utility.

It has been the usual practice in the past to apply

the term iron when used in its specific sense only to

the products of either the charcoal knobbling fire or

the puddling furnace, although, the product of the

busheling or fagoting method of production has also

•From a paper presented at the annual meeting o( the

American Society for Testing Materials. .June 27-July 1. 1911.

vielded material which has managed to masquerade as

iron. In conjunction with the results of chemical

analysis, the microscope has recently been developed

as a means of enabling the metallurgist to easily dis-

tinguish iron from steel. These methods of investiga-

tion have gradually led to considering iron to be a

name applicable only to products which show slag

inclusions under the microscope. Steel, from the very

nature of its manufacture, does not exhibit this pe-

culiarity, and it is not surprising, therefore, that the

mere presence or absence of slag should gradually

have come to be held as the distinguishing characteris-

tic between steel and iron.

The practical production of a new form of the

metal, by a process in which the product was finished

in the molten condition and cast into molds, neces-

sarily yielding a slagless body, has reopened the ques-

tion in some quarters as to whether or not the claim

is justified that these pure forms of metal should be

called iron and not steel. From the purely scientific

standpoint, when we use the word iron, we must in-

evitably refer to a product which in all of its charac-

teristics essentially corresponds to the element itself.

It was, of course, impossible to decide just where the

border line between an iron and a steel should lie,

until the results of metallographic investigations which

have been made within the last few years had taught

us the essential difference between the pure ferrite

structure and the carbon-iron steel.

From the modern standpoint, neither the presence

nor absence of slag could be held to settle the matter

of nomenclature, except that the presence of slag in-

evitably points to the process by which the material

was prepared. In the opinion of the writer, it is dif-

ficult to understand how a product which is in every

way essentially metallic iron and exhibiting a true

ferrite structure, could be defined as steel after the

carbon had been eliminated to practical traces irre-

spective of whether the metal is found to contain in-

clusions of slag. In fact, a metal which contains 3

per cent or more of a foreign body such as slag falls

just that far short of being pure iron, and from a

perfectly reasonable standpoint it would appear that

after the carbon-iron alloy field has been eliminated,

the nearer the metal approaches to the theoretical con-

stitution of the element itself, the more it justifies the

name of iron.

This pure iron made in an open-hearth furnace has

become generally known in this country and to a cer-

tain extent in Europe as "ingot iron." This term, as

we are well aware, originated many years ago and was

ai)plie(l chiefly to the lower carbon product of the

F>essemer converter and the open-hearth furnace. Of
late vears, however, it has fallen into disuse and from

the standpoint of the steel maker it was undoubtedly

a. misnomer, so that gradually the term mild or soft

steel took its place. Low-carbon Bessemer or open-

hearth steel which usually carries from 0.3 to 0.5 per

cent of manganese or over is not iron, for the simple
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reason that it does not sliow the true ferrite structure

and contains enough carbon to provide it with mild

hardening qualities. Besides these facts, mild steels

jx>ssess many qualities not possessed by iron and may

be used for purposes for which iron would be unsuit-

able, although this applies more especially to the slag-

bearing iron as made by the original processes. On the

other hand, a pure slagless iron is probably superior

for many other purposes to the general run of carbon-

bearing metals. It would appear that the term "ingot

iron" is especially suitable to a pure iron product made

in an open-hearth furnace and cast while molten into

ingot form.

Practically all the scrap available in this country

carries copper varying from very small cjuantities to

amounts in some cases exceeding one per cent. .\

great many conflicting statements in regard to the in-

fluence of copper upon iron have appeared in the lit-

erature, but in most cases it appears to have been con-

sidered an undesirable element, imparting the property

of red shortness to iron or steel. When present in

considerable quantities, this is unquestionably the case,

and when accompanied at the same time with sulphur

the effect is highly intensified. In very small percent-

ages copper does not seem to appreciably aft'ect the

working or rolling of the product.

Quite early in the investigation with which the

writer has been associated, it was found that certain

quantities of copper when added to steel would very

appreciably retard the solution of the steel in dilute

mineral acids. This was also found to be true, though

to a much less extent, with the carbon and manganese-

free product of the open-hearth furnace, for the re-

sistance to acid attack is to a large extent influenced

by the purity of the metal. In fact, the presence of

oxygen in the metal has been found to be more re-

sponsible than that of any other element as far as the

much-discussed question of acid resistance is con-

cerned. In the writer's experience and practice, the

question of copper in iron has been given very careful

attention ; a wide range of heats have been made,

which have purposely been given increasing quantities

of copper up to as high as 1.5 per cent. These iron-

copper alloys were of necessity made on the usual

large scale of operation, but no particular difficulties

were encountered in rolling or finishing them. It

should not, however, be understood that the intention

has been to have copper present in these purer forms

of open-hearth irons, for, on the contrary, even though

it should appear that the presence of copper within

reasonable limits is no detriment to the product, the

effort would still be strenuously made to reduce the

percentage of copper to the lowest possible point.

If the selling price of the product was commen-

surate with the expense attendant on securing metal

entirely free from copper, there is no reason why such

irons could not be readily produced, but it would im-

mediately render useless for the purpose much of the

pig iron and most of the scrap at present available.

The manufacture of pure iron in open-hearth fur-

naces in its entirety is undoubtedly a distinctly new
development, in spite of the fact that the process has

a great many points in common with the open-hearth

production of mild steel. In the case of the iron the

oxidizing operation under highly basic conditions is

carried forward to an abnormal extent. It is not too

much to say that the effort is made to do what has

generally been conceded to be bad practice in an open-

hearth furnace, that is to say, the metal is deliberately

over-burned. This treatment yields a bath of metal

and slag heavily charged with gas and in a highly

super-oxidized condition. The elimination of the car-

bon and manganese to such low percentages that they

amount to no more than traces makes this super-oxi-

dation a necessary step in the process.

Having obtained the desired purity with respect to

these elements the bath is given a heroic treatment,

whereby a thorough deoxidation takes place, the gas

being at the same time satisfactorily eliminated. No
difficulties of any importance are encountered in the

pouring of the metal into the ingot molds. It would
naturally be expected that such treatment as described

might yield a wild metal difficult to handle in the pour-

ing, but this is not the case if the work has been sat-

isfactorily performed. As a matter of fact, the re-

sulting ingots of this process not only possess great

purity but are as free from oxygen and gas as any

ingots produced from well-made mild steel.

The process is necessarily a more expensive process

than that of soft-steel manufacture, owing to the nec-

essary prolongation of the heat and the higher tem-

perature required during the latter stage of the oper-

ation. For these reasons, labor, furnace repairs, ladle

linings, fuel charges, and the item of metallurgical

waste must all be necessarily in excess of those en-

countered in the making of soft steel. The process,

however, holds forth the same tonnage possibilities as

in the making of mild steel, and it permits of the mak-
ing of iron on a basis comparable to the high-pressure

methods employed in modern steel manufacture. It

also, in contradistinction to the previous methods of

iron manufacture, permits of the making of iron in

very large masses, and the subsequent rolling of the

same in a manner similar to that of mild steel. It is

a well-known fact that the greater the amount of work
that is given to iron or steel, the more superior will

be the resulting product. This permits the making

of commercial products out of iron that have been

customarily made of steel owing to the steel's superior

workability when compared with iron made by earlier

methods.

Up to the present time ingot iron has not been manu-
factured into all the products that are customarily

made of steel, and of charcoal and puddled iron, but

it has been successfully and easily rolled into billets;
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slabs, plates, sheets, merchant iron. wire, nails, rivets. STEEL CASTINGS FROM ELECTRIC
pipe and boiler tubes. A wide variety of forgings FURNACE.*
have also been produced.

By C. H. VOM BAUR.f
TABLE I. .\X.\LVSIS OK XOKM.^L l.VGOT IRON.

, ,„;, . ,J, a'^a. ;Jo J lie electric induction furnace for making steel has
Silicon 0.003 0.002 0.005 0.004 0.006 0.003

, . , . , . . J'

Sulphur O.OU O.Olo 0.019 0.017 0.018 0.014
'^^en m regular commercial operation m Europe tor

Phosphorus 0.002 0.001 0.005 0.004 0.003 0.003 more than 10 years, and more than 30 of these fur-

.Carbon ii.OOO 0.011 ii.015 0.02 0.016 0.008 naces are in regular commercial operation there. It

Manganese 0.til2 0.015 Trace 0.02 0.015 0.025 has now been brought to the United States in its im-
O.xveen 0.024 0.020 0.021 0.016 0.022 0.010 , - ,• , -, • r o . ^ » •-° , . ,. ,^_ .,„ -„, „,,-, proved torm. winch permits sizes ot 8 to 10 tons
Copper 0.06 0.0. 0.05 n.08 0.04 0.02 '

. \ .

Aluminum 0.005 0.011 0.012 u.olO 0.013 Trace capacity, and 30-ton turnaces have been projected.

Nitrogen 0.006 't.Ota 0.005 0.003 0.005 0.007 These electric furnaces are of the Rochling-Roden-

Hydrogen hauser induction and resistance type, operating on

In Table I are a few analyses of normal ingot iron single, two or three-phase alternating current, utilizing

as it is being produced today, all of which serve to any convenient voltage of commercial circuits : 25-

show the possibilities of this process in the production c\ cle is preferred, but 60-cycle current can be used in

of pure iron. The analyses are extremely accurate. the smaller sizes.

the carbon and the oxvgen being determined by com- Ihe furnace action is similar to an}- ordinary trans-

bustion with the special care necessary in dealing with fonner. The primary coil, receiving the incoming cur-

the determination of such minute quantities. rent, is subdivided into series of steps, usually five.

In tensile strength it closely approximates high- which, by the aid of a switch, regulate the current

grade well-rolled charcoal iron, and in elongation and a"tl consequently the heat in the metal bath. The sec-

reduction of area it not only equals but in many cases ondary current is mainly
1 70 per cent

) induced di-

surpasses the finest soft steel. It is a well-known fact rectly in the bath, which is really one short-circuited

that iron is usually inferior to steel in elongation and turn of the secondary- winding of the transformer,

reduction of area. Owing to its more .steel-like (luali- T'le remaining energy, 30 per cent, is induced in a

ties in this respect, therefore, pure open-hearth iron large copper bar secondary winding, wound directly

becomes available for deep drawing and stamping over the primary winding, which latter receives the

purposes where very often ordinary wrought iron is electric current from the alternator. I'his auxiliary

unavailable and steel must usually be employed. secondary current is carried to two steel pole plates.

set beneath the lining, one at each end of the bath.

The magnesite lining covering these plates is the hearth
A recent U. S. Consular report on the radium mar- „f j,^^ furnace and liecMiies the conductor of elec-

ket states a radium bank was established in Pans a
^^j^.,j^. ^^.,^^„ ^^^ ,.,,_,j ^^.^i^^ similarlv to the filament

short time ago. which in 1910 disposed of 1.92 grams
^_,j ^ Xernst lamp in this respect.

of radium of highe.st activity at S80.000 per gram.
j^^^ ^^^j.^, ^^^^ ,,^ ^.^^^^ .^j ^„^. practicable tempera-

Of that quantity $15,000 worth has been acquired tor
j^,^^ between a dull red and, sav, 4700= F. (which is

indu.strial purposes and $139,000 worth tor usem
the limiting temperature of the magnesite lining ). As

therapeutics. According to the report radium is t.nin.l
j,^^,.^ j^ ,.,^ i„voluntar\- change in the current, and no

in Luntwengule, .Morogoro district. East Atrica
:
Evje

^.,„,p,^^ fiuctuations take place, there is no strain placed
.v. V. Cristiansund. Norway; Cornwall and South

,,,^ j,^^ j,^;,^^^ ,^^,_,^.p^ -p,,^ fnrnace runs quietlv and
Devon: Joachimsthal in Hohemia ;

i ulpin County in
j,^^^^ ^^^ ,^,, ^.^^,^,.„^ particles blowing through the air.

Colorado: and Kolmlager.staetten in- Sweden. Of all -|-,^^ amount of steel in the furnace being known, the
uranium mines only the one at Joachimsthal. which i<

,,^._.^j ^..^„ ^^.„j^ ^ y^^^^^ practice, be accuratelv deter-
working regularly, may be depended upon; there the

,,^i„^^j ,,^. observing the ammeter reading. .\'., foreign
two mines to be taken into account have an estimate.l

i,i<,redients can inadvertentlv get into the metal bat^h.

yearly output of i(, to 20 tons ..t uranium pitch ore.
]j,^p sulphur, phosphorus, carbon or substances from

or pitchblende, containing 55 per cent. U,0,. Radium- ,,„^. |^^,^,^_ electrodes or lining, which fact makes the
free uranium color is .obtained from this ore. which f^mace most gratifving to operate.
increa.ses the radium content of the residue. Six tons chemical compr.>kion and temperature can be regu-
is the annual production of residue, from which it i>

,.^j^^ independemh of each other. The composition
reasonable to expect a production of 1.8 grams of

.^j- ^^^^ ,,^^^3, ^,3,^ g^gjj^. ^e changed and the tempera-
radium salt of the highest activity. The yield in Aus-

j^,^.^ i^^,^, ^^ j,^^ desired point. The metal can be
tria up to the present—3.5 grams— is not derived

^,,^,^^^5 .^^ ,,,^ temperature to suit the conditions: for

from the regular producti.m from pitchblende, but
^^^^^ castings, into crane ladles; for small castings,

from numerous old stocks, which are probably ex-
-^^^^^ ,_,^,,i ,^^,^^ ,^,. ^^^^^j, ]^^,^^, ^^^^^^ jj^^ furnace,

hau.sted now. The yearly yield of 1.8 grams of radium

salt of the highest activitv mav. according to present 'F"'""' -' p^p*'- '*"' ''«''"'"<' '"^ '^-cent m.-etins of the American
° ' ' ° ' Foundiynien's .As.sociation.

prices, be valued at $144,000. ; American Klectiic Furnace Co.. Xew Voik.
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being ui the tiltiiig variclx , fin-ilitatcs the potinny and

the removing of the slag by the rear door.

W hen charging cold materials for making steel cast-

ings, the cheapest steel scrap can he used to advantage

and relined to the desired degree. The following

makes a dieap and effectixe inixture

:

COST OF Kl.ECTKIC STEEL I'EK TO.N, M.\TEKI.\I. t:ll.\Ki;EI) COLU.

U Huiidled scra|) at $11.2o per ton $ 2.81
'4 Macliine slioj) and lieav\ turnings at $i)."2.'i per ton. . . . 2.31

'2 0I<1 steel rails at $l:f.T'"i ti.HS

Total $12.01)

0-\idation loss, "> per cent 60

Total $12.00

Electric current is bettig produced today for 0.6

cent per kilowatt hour with internal cotnbustioii eti-

gines, running on. blast furnace, producer, natural gas

or crude oil. The electric induction furnace provides

a high load factor, operatitig, as it should, at full load

for the greater part of the day. This continued opera-

tion insures this low cost for electricity.

The conversion cost per ton is, therefore, as follows

( 2-toti furnace with 280 to 300 kw.. oijerated at X'rilk-

lingen ) :

Per
long ton.

Tiki k\v.-Iir. tor melting at n.ii ct. per kw.-lir $ 4.2(1

2n<l kw.-lir. tor relining at iMi ct. per kw.-lir 1.20

$ 0.40

Fluxes, etc.—roll scale, 22 lbs., lime. 77 lbs., tiuor-spar

11 lbs., sand 20 lbs., ferro-nianganese 8.8 lbs 44

Loss of fluxes owing to Vi of all metal remaining in the
hearth l(i

Labor, American eciuivalent, 2 to 8 men l..")i)

Tools, repairs and lining (17

Depreciation K* per cent, interest o per cent on $11,'?00

—

300 days, tons a day*=$l,(i!i-'i^l.8()n tons 04
Auxiliarx apparatus (cooling air for transformer I 04

Total $ 0.15

Adding this, we get:
Raw material $12.(ill

Conversu:>n crist ' !1.1.")

Cost of one ton electric steel ready to pour $21.7.")

To this cost must be added a slight license fee per

ton, depending on the outjjut. The tiiue of heat is

about 4 to 4I/4 hours.

Wheti charging hot metal for refining or_merely for

thorough deo.xidation and segregation, it may come,

directly from the blast furnace, frotu a mixer, a cupola

or some other furnace. .\t Domtneldingen verv im-

pure pig iron was charged into ati indttction furnace

of the Rochling-Rodenhauser type and refined as

.shown iti Table 1. .^iich impure hot luetal is rarelv

charged iti the electric furnace, except under unusual

conditions, as it can be partly refined bv a gas-firetl

furnace cheaj^er than in any electric furnace.

TAHLE I.—RESl'LTS OK ISEFIXI.VC PIC IRON IN ELECTRIC FCRN.VCE.
.\.nalysis Analysis

of Charge, of Cast.
Per Cent. Per Cent.

Carbon 4.0

Phosphorus 1.8

Sulphur 0.2

Manganese
Silicon l.(Hl

Duration of conversion, -"i hours.

*12-bour dav.

0..")

0.02-")

0.03

0.7(i

n.o.'iO

I he cost of rcrniing hot metal taken from the mixer
at Domtneldingen, allowing for .\mericaii conditions,

is as follows for a 5-ton furnace

:

Raw material $12.00
( Ixidation loss 3 per cent 3(5

$12.3(j
C urrent—280 kw.-hr. at n.ii ct $1.08
Fluxes, etc (jy

Labor .50

Tools, repairs and lining 04
Depreciation 10 per cent, interest 5 per cent on $17,000

—

30(.l days at 40 tons a day*=$2,.550-H 12,000 tons 22
.\uxiliary apparatus 0(1

Total . $l(j.oo
Cost of |)reliminary relinin,!i. about 3.00

Total cost of one ton of electric steel read\' to pour. $19.06
Time of each heat about 8% hours.

The estimated cost of refining hot metal melted in

the cupola, and consisting mainly of steel scrap, hav-

ing about 2 per cent carbon in the resultant mixture,

is as follows

:

Raw material $14.00
Total oxidation loss 8 per cent 1.12

$15.12
Con\ersion cost similar to the above 4.90
Cost of preliminary melt m cupola, aliout 3.00

Cost of one ton of electric steel ready to pour $23.02
Time of each heat about 3% hr.

L'nder ordinary conditions there is no very great

ditTerence in the total cost of hot metal readv to pour

^OtT
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indicated above, for two reasons: i. It takes longer

to treat cold metal than hot. 2. We only pour three-

quarters of the capacity of the furnace when charging

cold material, instead of the total contents of the fur-

nace when treating hot material. When charging cold

metal, a little of the hot charge remains in the furnace

to complete the electrical circuit. Cold scrap being

in many pieces, does not meet the conditions, as the

voltage in the bath, being as low as 2 or 3 volts, is

not sufficient to overcome the contact resistance be-

tween these many pieces.

The metallurgical course of the process is very

similar to that employed during the refining period in

a basic open-hearth furnace. The limestone and roll

scale are charged and the bath is then refined until the

analysis shows that no phosphorus remains, or the

process may be stopped before this, thus retaining

some phosphorus and cheapening the process. This

refining usually lasts an hour or so. varying somewhat

with the initial percentage of phosphorus present.

During this dephosphorizing period the carbon is

greatly reduced and the silicon entirely or almost en-

tirely eliminated. This first slag is then thoroughly

removed by tilting the furnace backward at a slight

angle and rabbling ofl:' the slag. Then, according

whether mild or hard steel is required, a quantity of

carbon is added to meet the requirements. At this

time sufficient ferro-manganese is charged to meet the

specifications. The desulphurizing slag is then added.

As soon as this is melted, the bath and slag are de-

oxidized, the slag becomes white, and, owing to the

now increased temperature, absorbs the departing sul-

phur rapidly, the refining being dependent upon the

temperature at the point of contact between the metal

and the slag. The gases are now expelled and like-

wise the small particles of slag which are brought

about by deoxidation : in the same manner the sul-

phides are absorbed by the w-hite lime slag while a

small part of the sulphides volatilizes ; otherwise the

composition of the bath remains the same. Carbon

is then analyzed for and the necessary modifications

made.

In the case of alloy steels, the alloys are only added

after the deoxidation period, so that any loss which

might be caused through the formation of slags is

avoided. This deoxidation period usually lasts an

hour. It is this deoxidation period, so thorough and

effective, which has no jjarallel in any gas-fired fur-

nace or converter. The sulphur has meanwhile almost

entirely disappeared, getting as low as 0.0 1 per cent

to 0.005 PS"" cent. .After a last analysis shows that

the deoxidation of the metal is complete, the furnace

is tapped without any additions of any kind. Cast-

ings of any intricacy from M lb. to the capacity of

one or more furnaces are regularly made. In one of

the w^orks of Luxemburg, from which the following

figures are taken, four grades of steel for castings

have a call

:

FOLK GR.\DES OF STEEL M.\UE .\T LU.XEMBCRG.

Tensile Strength. Elongation
Grade. Lbs. per sq. in. Per Cent.

a 5(j.9iW to tJ4,OUO ii
b tJ4,U00 to 71,000 20
c 71,000 to 85,400 15 to 18
d 85,4i:m.i to !t9,t)00 8 to 10

For the electrical industry, a particularly soft steel

of the following analysis has a market : C, 0.05 to

0.06; Si. traces; Mn, 0.20: P, 0.005; 5- 0.003.

Three pieces of equal weight, brightly polished, one

of electric steel, one of open-hearth steel and one of

Bessemer steel, of similar chemical analysis, were

placed in an acid solution. Electric steel may lay

claim to incontestable preference wherever materials

have to be furnished to meet the strictest specifications

in respect to resistance to acids and weather. It

showed much less loss than the other kinds of steel.

COMMERCIAL POSITION OF GLYCERINE.

The following abstract of an article from the Lon-

don Times should be of interest, particularly as it ex-

plains the reasons for the present increased price of

glycerine.

Glycerine is a by-product in soap manufacture;

when animal and vegetable oils are treated with alkali,

soap and glycerine are formed. Except for its use in

pharmaceutical preparations, glycerine was of small

commercial value until nitro-glycerine was invented,

and nowadays owing to the restricted circle of ex-

plosive makers little is heard of it as an ordinary mar-

ket commodit}'. The "spent lye" left behind in the

manufacture of the best soaps contains about 9 per

cent of glycerine. The relative amount of glycerine

and soap produced by the reaction varies widely ac-

cording to the nature of the raw material and the kind

of soap produced. Most of the soap makers boil the

lye down to produce a crude glycerine containing 80

per cent, though some of the producers of poor qual-

ity soap throw it away. Only a few of the large

houses make a refined product ; the others either sell

the crude to the bigger firms, to the limited number

of explosive manufacturers who undertake refining.

Xobels being the chief, or to merchants who buy for

.America. The British Governiiient cordite works do

not refine, but buy mostly from Xobels. At the be-

ginning of 1907. crude glycerine was worth £28. los

per ton. and refined £50 per ton. By the end of the

year crude had advanced to £68 and refined to £105

per ton. The cause is due chiefly to the advance in

the price of oils and fats. The soap maker has found

it impossible, or at least injudicious, to recoup himself

by increasing the price of soap, owing to its being a

national commodity necessary to the p>oorest classes,

so he has had to turn his attention to the other outlet

of his products. It is interesting to note that the chief

reason for the advance in the price of fats and oils

is their increasing use in the manufacture of mar-

garine. Some of the largest soap makers have found

it necessarv to protect themselves by becoming their

own producers of vegetable oils.
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DETECTION AND DETERMINATION OF
SMALL QUANTITIES OF ETHYL AND

METHYL ALCOHOL AND OF
FORMIC ACID.

The detection and determination of small percent-

ages of ethyl and methyl alcohol and of formic acid

are often of considerable importance in food chem-

istry. Certain methods which appear to be of special

value for this purpose are presented in a recently

issued circular of the Bureau of Chemistry, Ll S.

Department of Agriculture. This circular, which is

reprinted below in full, was prepared bv Mr. Raymond
F. Bacon, Assistant Chemist, Division of Foods.

lUireau of Chemistry

:

HTHVl. AlAOlUir.

Ethyl alcohol, formed as a result of the action of

the yeasts on sugars, is commonly found as a ]iroduct

of spontaneous fermentative changes in food prod-

ucts. Its presence in sufficient quantities in a fruit, a

vegetable, or other food product, indicates decom-

position at some time in the history of that substance.

The mere detection of this alcohol, however, does not

give much information as to the soundness of a food

product, since traces of ethyl alcohol alone might not

indicate a sufficient degree of chemical change in the

fruit or vegetable to render it decomposed in the or-

dinary sense of the word. Further, mere traces of al-

cohol might have their origin in esters which give the

aroma and taste to the fruit, and not be the result of

a fermentation of the sugars present. It also appears

to be a debatable proposition whether alcohol is not

formed in saccharine solutions by many types of plants

when kept under anaerobic conditions.'

It is evident, therefore, that not only the detection,

but also the quantitative determination of alcohol is

necessary to prove decomposition of the type repre-

sented by alcoholic fermentation. The amount of al-

cohol which may be present in such a decomposed food

will probably vary from o.i to i per cent. .\n amount

less than o.i per cent would, in the writer's opinion,

call for further investigation to detennine its signifi-

cance ; an amount greater than i per cent would prob-

ably represent a degree of decomposition such as to

render the product of such an appearance as to be un-

salable. The method used to estimate amounts of al-

cohol within these limits must be of such a nature as

to leave no possible doubt that the substance deter-

mined is ethvl alcohol. Wost of the present methods

'Stolda.sa, Ber. d, chem. Ges.. 190.5. 36:622. Chpm. Centrbl.,
1904. 1:961 Takaliashi. Cliem. Centrbl.. 1902. 2:1330. Conheim,
Zts. phvsiol. Chem.. 1903, '39:348. Batteli. Compt. rend.. 1902.
137:1029. Margnan, Compt. rend., 190.5, 140:1124.

for detecting or determining small tjuantities of ethyl

alcohol are weak at this point, being based on the

cjuantity of potassium bichromate or other oxidizing

agents which the alcohol will reduce. Such are the

methods proposed by Bourcart-, Kiclou.x and Baud-

reur"', Benedict and Norris*, and others. It is evident

from a careful study of these methods that slight

changes in temperature or concentration materially

affect the accuracy of the results : indeed, Pozzi-Escof*

claims that even when uniform conditions are rigidly

maintained it is impossible to obtain accurate results

for alcohol determinations by methods involving ox-

idation with jiotassium bichromate and sulphuric acid.

.\s very many substances reduce potassium bi-

chromate, it is evident that in determination based

(in that process there is no surety whatever that the

sulistance so determined is ethyl alcohol. The method

of N'erley and Fiiilsing'', in which the acetic ester is

prepared by the action on alcohols of acetic anhvdrid

in the presence of pyridin, is not accurate enough to

be applied to very small quantities of alcohol, and it

IS evident that nearly any alcohol will give the same
reaction.

.\s none of the proposed methods for determining

alcohol when present in small amounts answers the

requirements for accuracy and reliability of the work
under the food and drugs act, studies to improve them

were begun. The possibility of concentration of the

alcohol from solutions containing only a small per-

centage of this substance was first considered. Xicloux

and Baudreur' found that in distilling 6oo c.c. solu-

tions containing 0.2. 0.1, and 0.033 per cent of alcohol,

respectively, from a liter distilling flask, there was

obtained in the first 30 c.c. of distillate 50, ^2. and 55

per cent of the total alcohol present. In repeating

this work, using a Glinsky distilling head, the writer

found that by these distillations it is only possible to

(ibtain from 50 to 60 per cent of the total alcohol,

when attemptin.g to concentrate 0.1 per cent solutions

into such a vdluine as to obtain solutions containing

from 2 to 4 per cent of alcohol.

Tt was also found that if a considerable quantity of

calcium or sodium chlorid was dissolved in the dilute

alcohol solution before distilling it, using an ordinary

distilling flask, from 94 to 100 per cent of the total

alcohol could be easily concentrated in a relatively

small volume of distillate, as is shown from the fol-

=Zts anal. Chem. 1S90, 29:609.
'Bull. soc. chim., 1S91, (3) 17:424.
M. .4nier. Chem. Soc, 1898. 20:293.
•Wnn. rhim. anal., appl., 1907:112.
"Ber. d. chem. Ges., 1901, 34:33.-)4.

"Loc. clt.
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lowing experiments selected fruni a number made to

test this point

:

Experiment i.—To 500 c.c. of water containing i

gram of absolute alcohol ( 0.2 per cent by weight)

there were added 200 grams of calcium chlorid and

this solution was distilled from a I liter distilling flask.

150 c.c. of distillate being collected. To this distillate

there were added 50 grams of calcium chlorid and a

50 c.c. solution was distilled from it. This distillate

gave at 17.5^ C. with the Zeiss immersion refracto-

meter a reading of 18.2. ec|uivalent to 2 per cent of

alcohol, a 100 per cent recover} .

E.ypcr'inicul 3.—b^ive hundred cubic centimeters of

0.19 ])er cent alcohol were treated as in ex])eriment I,

save that of the first distillate but too c.c. were col-

lected. The refractometer reading at 17.5" C. was

17.Q. equivalent to 1.S4 per cent alcohol, a i/>-S \>tx

cent recovery.

Rxpcr'uncnt _?.—This experiment was C(.)nducted

exactly as in the case of Xo. 2. except that instead of

using calcitim chlorid. the solutions were about three-

fi.iurths saturated with common salt. The refracto-

meter reading was 17.9 at 17.5 C. e(|uivalent to 1.84

])er cent alcohol, a g6.8 per cent recovery.

E.vperiinriit /.— From the distillates of exi)criments

2 and 3 ( 100 c.c. of 1.84 per cent alcohol ) after three-

(|uarters saturation with salt, there were distilled 50

c.c. The refractometer reading at 17.5" C. was 21.0,

e(|uivalent to 3.71 per cent alcohol (theory 3.68 per

cent), a too.8 per cent recovery.

Expciiniciit _s.— b'ive hundred culiic centimeters of

1.6 per cent alcohol were treated as in experiment 3.

The refractometer reading at 17.5*^ C. was 42.7. e(|uiv-

alent to 15.02 ])er cent alcohol, a 94 per cent recover).

Experiment A.—One thousand cubic centimeters of

0.1 per cent alcohol were three-quarters saturated with

salt. 130 c.c. were distilled off. again three-fourths

saturated with salt, and from this solution 23 c.c. were

distilled which at 17.5° C. had a refractometer read-

ing of 21.3, equivalent to 3.84 per cent alcohol: a gd

per cent recovery.

These experiments jirove that very small percent-

ages of alcohol may easily be concentrated from salt

solutions to a strength that can be used for the ac-

curate determination of alcohol by known methods.

The method here proposed for detecting and deter-

mining small quantities of alcohol is as follows :

Using the methods outlined in the preceding ex])en-

ments concentrate the sample until a soltition contain-

ing from 2 to 4 per cent of alcohol is obtained. If

acids are present in the original solution exactly neu-

tralize before distilling, using a trace of solid phenol-

]ihthalein as an indicator. Treat the final distillate as

follows : Determine its specific gravity and refracto-

meter reading at a suitable temperature, obtaining

from tables* the corresponding percentages of alcohol.

If the refractometer reading and the specific gravity

l)oth correspond to the same percentage of alcohol, it

is almost a certainty that it is ethyl alcohol that is

jM-esent, and that the substance under examination con-

tains the percentage of ethyl alcohol equivalent to

these con.stants. To render this an absolute certainty,

the ethyl ester of paranitrolienzoic acid is prepared

from this distillate with paranitrobenzoyi chlorid by

the r.aumann-Schotten method''. To the solution con-

taining the alcohol is added a slight excess of acid

chlorid and an equivalent amount of sodium hydroxid.

Shake tmtil the odor of the acid chlorid disappears.

This ester is a beautifully crystalline solid which may
be readily identified by its melting point of 57° C"
This ester may be weighed, and while the yield ob-

tained is not quite quantitative (70 to <X> per cent of

the theory when working with small (|uantities of al-

cohol ) , its weight serves as another check on the per-

centage of alcohol present in the solution. If para-

nitrobenzoyi chlorid is not available the benzoic acid

ethyl ester may be prepared as just described, using

benzoyl chlorid. The benzoic acid ethyl ester may be

weighed ( yield practically quantitative ) . and identi-

fied l)y its odor and its boiling point. 212° C. using

for the latter purpose the convenient method for de-

termining the boiling point of very small quantities of

liquids recently jiroposed by Smith and Menzies."

As to the qualitative detection of ethyl alcohol, two

tests used together, the formation of iodoform and

the formation of ethyl benzoate would render the pres-

ence of ethyl alcohol i)robable, for the only benzoic

ester whose odt>r is similar to that of the ethyl ester

is the methyl ester, and methyl alcohol does not give

the iodoform reaction.'- A little careful consideration

of the (|uestion. however, will make it evident that

for an absolutely miassailable result, when ethyl al-

cohol is present in small amounts, some such method

as that just outlined for the determination of this sub-

stance must be used. After the alcohol is concentrated

as described, other confirmatory tests, such as the de-

termination of the freezing point, the boiling point,

the capillarit}- constant, the electrical conductivity, or

the i)reparation of other esters, may be a]iplied to the

li(|uid.

It has been attempted to describe in a general way

such tests as can be easily made and which prove ab-

solutely that an acjueous liquid contains a definite

quantity of ethyl alcohol. It is realized, however, that

there are many mixtures from which the alcohol can

not be separated by the general method here given,

and such special cases must be treated individually.

.\fter the alcohol is separated by some method applica-

ble to the mi.xture in hand the general methods herein

described mav be applied. They have been used in

the laboratory of the Ilureau of Chemistry by H. C.

(iore in following the decomposition changes in

bananas, with f|uite satisfactory results.

"Tables of Ackeimann and Steinmann, Zts. gesam. Braiuvesen,
190.T. 28:2.^i*; Doi'oszewski and Sworzanczvk, .T. Russ. Phvs.
riiem Snc. 1(107. 40:101-125.

»Ber. d. chem. Ges.. 1S.S4. 17:244,".; 19:3219.
"'Ber. d. chem. ties., IBO.i, 38:620.
"J. Amer. Chem. Soc, 1910. 32:S97.
'=The limit of these reactions is •about 0.1 per cent of ethyl

alcoliol.
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MirruvL AiAuiior.. thai carhnnic and furniii.- acids in ai|ncuus solutinn

A convenient and reliable method of delecting may be i-educcd tt) fornialdehyde li\- the action of

methyl alcohol is that of .Mnlliken and Scudder'", in magnesium. The reduction of formic acid has been

which the alcohol is oxidized to formaldehyde by studied in this laboratory to determine its sensitive-

means of a spiral of oxidized copper wire. .\ careful ncss, and certain other metals have been found to

study of this method showed that to obtain a positive gi\-e the same reduction. The formation of formalde-

test it is necessary to have a solution containing over hyde from carbon dioxid by these metals is of con-

o.i per cent of methyl alcohol. It seemed that greater siderable theoretical importance: but, in the practical

delicacy would be obtained in such a test by conduct- method of testing for formic acid, as proposed here.

ing the oxidatiiMi with certain substances in solution there is no danger of confusing this acid with ear-

instead of using the solid copper oxid in wire form bonic acid, as to obtain detectable (|uantities of for-

as proposed by Mulliwen". A. \'orisek ''' proposed maldehyde from carbon dioxid it is necessary to cause

such a method, but as he did not determine its delicacy this gas to act on the metal for several hours.

and the a])i_)aratus used by him seemed cumbersome. If a suspected solution is acidified with phosphoric

the subject was further studied. The method pro- acid and then distilled the amount of carbon dioxid

posed by the writer is as follows

:

found in the distillate is not sufficient in amount to

To 100 c.c. of aqueous methyl alcohol in a 200 c.c. give detectable quantities of formaldehyde when re-

distilling flask add from 5 to 8 grams of chromic acid: duced by metals for any reasonable time. In the fol-

collect 10 c.c. of distillate and test for formaldehyde li>wing taljle the action of various metals on i per cent

by the Leach or Hehner methods"'. If other oxidiz- and o. I per cent formic acid solutions is given, the

able substances, such as acids, sugars, starches, jiro- reduction to formaldehyde being indicated as positive

teids, etc.. are present the solution under examination and negative:

is exactly neutralized with sodium h^'droxid and one- ihic rkiuctiox or fcikmic aciu by the .\ctiox of vaiuous

Uiird of it is distilled, the distillate being oxidized and metals.

redistilled as has just been described. The use of the
y,^^^,^ ^o^^uc^cLl^ ^^" ::;:^

relativelv large quantitv of chromic acid indicated is .Magnesium filings Positive. Positive

found to increase the delicacy of the reaction. By the Sc;^:;;,S'«-,:;
^

::
;

^
:;; :: |^°; g°;

proposed method it is verv easy to detect one part of Coppered zinc dust Do. Do.

methyl alcohol in 100.000 parts of water, and by mak- ^:^^^!'':^^,„— :.V
—

\[\::::
'''^^"

Negaive.
ing one preliminary- distillation to concentrate the 1 per cent sodium amalgam with

.t 1 1 1 , ,1
'

!.• »i i^ t i It magnesium chloride solution Do.
methyl alcohol, collecting the first 100 c.c. trom a liter

.\ij,m^ni,m Do
and then proceeding as before described, a very strong Alnmiuum amalgam Faintly positive. Do.

test was obtained from a solution containing only one ^•"';
fy]^^

p,"'

part of methvl alcohol per million. , • ci- ^ • ti t ^ u^
;

'

. . As magnesiutn filings seem to give the best results
\\ hen testing for methvl alcohol in the presence ot ., ... j ^ r n^ - ' the reaction is carried out as follows

:

strong ethvl alcohol it is advisable to dilute the alcohol ^.l 1 -jt ^1 1 ^- vi 1 i i

.
,

-

.
-Strongly acidifv the solution with phosphoric acid

with water to obtain approximatelv a 20 per cent so- , ,. ,.„ , ^
'

., • j r v a- ^i r .-u * 1 1... . . . . and distill about one-third ot it. lo the distillate add
Intion. as otherwise the action ot the chromic acid on ... ^ ,

.... , • i;.- cc
. . dilute sul])huric acid and magnesium filings in sutn-

the ethvl alcohol mav become explosively violent. It ^ ^. ^ ^ ^ \ t ^
. ,

,
cient quantities to cause a vigorous but not a violent

is easv bv this method to detect o.i per cent of methvl
1 ^- ir 1 j t , i

-
,. , ^ .

' evolution ot hydrogen. ( In case quite a lai'ge quan-
alcohol in 80 per cent alcohol, and bv a little fraction- ^. r , , ^1 j- .-n . .^ -

. titv of acid is present m the distillate it is not neces-
ation it was found possible to detect o.oi per cent in '

, .j 1 u •
1 ^ ic .i . ;*^

.

^ sarv to add any sulphuric acid.) It the amount ot
80 per cent ethvl alcohol. Potassium permanganate . ' . ... n / u i. ^, ^- ti'

, .
"

, r . ..... . . tormic acid is small (about o.i per cent) continue the
mav be substituted for chromic acid in this oxidiza- . ^ , y, , ,-,• ,

. action for one hour. If larger quantities are present,
tion, but the sensitiveness of the reaction for aqueous ,, ^ ^ j- ,- u i j -n n i u* • j

. • , • , , ,
the test for tormaldehyde will usually be obtained in

solutions when using this reagent is then only about . ^ ^ c • ^ r^r ^i 1 t'^ "
. . r

'1
1 1

trom two to five minutes. (Jf course the absence ot
I part in 4.000. For the determination of methyl al- -

, , , < 1
• • 1 \ <.- .. 1 j^

. . 1
'

, tormaldehyde in the original solution must be de-
cohol the same principles and method given under . ,

',,,,,. ' termmed.
ethvl alcohol aiiplv. „, .1 , j .1 1 . ,.• t

' ' • The common methods tor the determination ot
rORMIC ACID. , .

.

J

. J .1 r ,1 •
1 „ .

„, , .
, ,

. . ^ ^ . . , . tormic acid are based on the tollowing general reac-
Ihe detection and determination of formic acid in . , , „, • r 1. »

, ,
. , . , . . . lions: (i) The reduction ot a mercuric salt to a

tood products is becoming of increasing importance,
, i

• 1 1 1 u 1

',
, , ,

'^
,

. ,. ., mercurous salt, the insoluble mercuous >alt Ijemg
not only because of the proposed use ot this acid as • , , , j .•

' ' .
, , ^ , ,

weighed: (21 the reduction ot potassium perman-
a preservative but also because it has been found to be . ,, ,. , ^. . ^. .

'
^

,
- , - • •

,
ganate m alkaline solution : ( 3 ) the action of concen-

one of the products ot the termentative action ot bac- '
, , , • • 1 , ,1 i

•
1

,
'

, , , ,- .
, ,

trated sulphuric acid, the evolved carbon moiioxid
teria and veasts on carbohydrates, benton'' has shown , . , -.i-vi j . ^i j 4

•
- being measured. \\ ith regard to metiiods i and 2.

".I. AmfT. Cheni. Soc. 1S99, 21:266. aldelivdes. Certain alcohols, and many other volatile
-'Loc. cit.

llii ':?'',^'^'V"\- ^'""^ii
'^"'''

^V^aI- . D , ,A- c • ., substances which may be present in fruits and vege-
'°U. S. Dept. Agr.. Burfau of Clicmistry Bui. 107, Revised, p. - '

'^.-H A^.'^'^'^'v^^^S-r^^'^i'-l ,,.,- r.. ^c- tables effect the same reduction as formic acid. W ith
"J. Cliem. Soc. (Liond.). 190,. 91:687.



338 THE CHEMICAL ENGINEER VOL. XIV. No. 2.

regard to method 3. a very large number of organic

acids evolve carbon monoxid when treated with con-

centrated sulphuric acid.

While platinic salts are readily reduced to metal by

many aldehydes and other reducing agents in alkaline

solution, it was found that of a great number of sub-

stances tried only formic acid accomplished this re-

duction in neutral or weak acid solutions. The fol-

lowing method is therefore proposed : Distill the

.solution containing the formic acid with a small quan-

tity of phosphoric acid until the distillate is no longer

acid. If the volume of this distillate is too large to

be convenientl)' handled, neutralize it with sodium

hydroxid and evaporate to a convenient volume. Add
an excess of platinic chlorid and sufficient acetic acid

to make the solution strongly acid (usually about i

or 2 c.c. of glacial acetic acid for less than i gram
of formic acid), aiid boil the solution for one hour,

using a reflux condenser. Collect the reduced plat-

inum in the usual manner and weigh. The weight of

the platinum multiplied by 0.472 equals the formic

acid present.

The following are examples of results obtained liy

this method

:

(1) A 100 c.c. solution containing 0.0782 gram of

formic acid; platinum reduced, 0.160 gram =; formic

acid 0.0755 gram; 97 per cent of theoretical amount.

(2) A 100 c.c. solution containing 0.243 gram of

formic acid ; platinum reduced, 0.504 gram ^ 0.238

gram of formic acid, 98 per cent recovery.

(3) A 100 c.c. solution containing 0.243 gram of

formic acid; platinum reduced. 0.517 gram ^ 0.244

gram of formic acid, 100.4 pc cent recovery.

(4) A 100 c.c. solution containing 0.1215 gram of

formic acid; platinum reduced, 0.255 gram =; 0.120

gram of formic acid, 98 per cent recovery.

The electric conductivity of formic acid is so much
greater than that of other similar organic acids that

it seems possible to base a method for its determina-

tion on that property. A further study of this prob-

lem is in progress.

THE TESTING OF CREOSOTE.*

By C. EDWARD SAGE, F. I. C.

The shipments from the Cobalt field in Canada for

the first half of 191 1 were considerably lower than

for the same period of 1910, when the total shipments

were 14.437.97 tons; this year the 6 months' record

is 12.333.33 tons. This falling oft", however, may easily

be attributed to the smaller production due to lack of

power earlier in the year, owing to trouble with float-

ing ice. .Another cause for the decrease is that there

are 15 concentrators now in operation in Cobalt and

the concentrates are shipped from these plants in-

stead of the crude ore.

The glucose and starch industry is the subject of

a bulletin just issued by the Census Bureau at Wash-
ington. It shows that there were 675,938,000 lbs.

of starch of all kinds, valued at $17,360,000. manu-
factured in the United States in 1909.

The analysis of impure substances for commercial

purposes must always yield unsatisfactory results if

no uniform method of testing is adopted. With creo-

sote analysis it is continually found that dift'erent

chemists report results which are not in agreement,

and such variations are nearly always explained when
the methods of analysis are investigated.

In the United States the Department of Agriculture

has done a great deal of work with the object of find-

ing satisfactory and uniform tests for a product which

is of so great importance in several industries, but in

Great Britain each manufacturer or works chemist

has his own partictilar method of testing, and every

buyer, contractor or engineer has a specification which

meets his own requirements.

The creosote produced in different parts of Great

Britain varies in composition for three reasons— (i)

the methods of gas production or coal distillation

differ; (2) the nature of the coal employed varies in

each district; (3) the method of tar distillation adopt-

ed may vary in many details.

Great Britain is the chief producer and shipper of

creosote, and it seems anomalous that we have no imi-

versal standard methods of analysis such as are in use

in so many other chemical industries. We work on

uniform lines in the testing of chemical manures, cem-

ent, tanning materials, and some oils, and at the pres-

ent time there is an opportunity for tar chemists in

Great Britain to unify the methods of analysis of

such an important product as coal tar creosote.

The very name "creosote" needs careful definition,

for the word may be applied to a product made from

gas tar, wood tar, oil gas tar, producer gas tar, and

coke oven tar, and although many years ago creosote

was always a wood tar product, now the name "creo-

sote" outside of medical circles, always means the

coal tar product unless it is qualified in some way.

The complete analysis and series of tests for any

one sample of creosote may not all be required for

the information of one of the parties who may handle

or use it, but at some time the results of a complete

examination will be necessary. The chief considera-

tions in any examination are the physical conditions of

the oil. the approximate composition, and the freedom

from admixture with other oil. The information is

needed for the guidance of the tar distiller, the seller,

the buyer, the shipping or transporting company, the

insurance company, the timber creosoter, the railway

engineer, or the manufacturer of disinfectants or

other products. The analysis has to settle the ques-

tions whether the oil is of suitable quality or up to

standard requirements and how best it can be handled

for transport, and no information for the future

guidance of timber preservers is available unless the

•Paper read before the Society of Chemical Iiitiustr.v and
printed in the .Tournal of the Society.
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relative i)roportioiis of tlic ainstilnonts of tlic creosote

arc stated.

1 venture tlierefore lo offer the following sugges-

tions as the basis fiir a discussion of the most suita-

ble standard to adopt.

A specification for creosote may be drawn up to

suit the requirements of any particular use to which

the oil is to be put. but it would be useless to try to

make one uniform specification for all creosotes. The

oil in some parts of Great Britain differs entirely from

London creosote, so I should only attempt to stand-

ardize methods of testing and not the product, wliich

is necessarily a mixture of impure products.

.Any specification for creosote should be prefaced

by the words, "The creosote must be the product of

the destructive distillation of bituminous coal and

free from sulphur and free carbon.

Saiitpliiig.—Too much, importance cannot be at-

tached to this preliminary operation, for all the sub-

sequent residts depend upon its proper performance.

To insure an approximately uniform sample the bulk

must be liquefied, and the sample should then be drawn

from the different parts of a tank. Not less than 6

half gallon (|uantities should be removed and bulked,

and then at least three separate cans should be tilled

and sealed. Creosote from a number of barrels can

only be sampled with an iron, and the difficulties of

attaining unifomiity are greatly increased by such a

method.

Buyers of creosote in any quantity should specify

the method of sampling and alw^ays keep more than

one sealed sample in reserve, for the repeated warm-
ing of a can always causes some variation in its water

contents.

PHYSICAL TESTS.

specific Graz'itv.—To insure luiiformity this can

only be taken at some higher temperature than the

mean average. -^

Samples are often quite solid at 15*^ C, and I wotild

suggest 60° C. as the most suitable. The method of

ascertaining the relative density should be by weighing

100 c. c. and comparing with water at 60^ C, or else

by means of a ^^'estI)hal balance.

Il.rpaiisioii Coefficient.— 100 c. c. o\ the oil should

be measured into a flask marked at 100 c. c. on the

neck and graduated in one-tenths of a c. c. up to 106

c. c. The volume should be first adjusted to 100 c. c.

at 40^ C. and the flask then warmed in a water bath to

80° C, and the volume at that temperature measured

and recorded.

The factor most cominonly employed is an expan-

sion of I per cent for a rise of every 22j/° F., but

this is not true for all creosotes or for high tempera-

tures as well as low ones.

I have plotted the curves obtained when heating

samples from 20° C. to 80° C. and the range falls

within very narrow limits, and my results show that

the increase in volume is i per cent for each 13.3° C,
or approximately i per cent for every 24° F.

The American Railway Engineering and Mainte-

nance of Way Association, in a report on wood preser-

vation, has recommended the measurement of creosote

by weight and in dealing with barrels or small lots

this is imdoubtedly the more accurate method, but in

dealing with tank cars the measurement of dimensions

is so easy that a volume statement seems more con-

venient than one of weight. In either case, however,

the specific gravity enables us easily to convert one

into the other system.

Flash Point.—Some specifications mention the Abel

test, but I would point out the unsuitability of the in-

strument for any temperatureij above 150° F. Its

water jacket prevents its use above icx3° C, and for

that reason the Pensky-Marten ap])aratus is more

suited to creosote. In no test for creosote is the im-

jHirtance of a fresh representative sain])!e more im-

Ci
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ence of water, filtration is inipeded. loo grins, should

he filtered, while hot, through a tarred filter paper and

the filter afterwards washed with benzol in a Soxhlet

tube until the benzol runs away clean. The filter is

then dried and weighed. Alany samples contain only

traces of insoluble carbon, but in no case should more

than 0.25 per cent be passed without comment.

/ iscosity.— 1 have obtained no useful information

frcim the determination of this factor, and the results

are entirely dependent on the clean condition of the

oil and its freedom from drops of water. \Mien tim-

ber witk a fine grain is to be creosoted, the jjresence

of traces of insoluble carbon make far more differ-

ence than any slight difl^erence in viscosity possibly

could.

DistiUation.—Xo test of creosote is complete with-

out a fractional distillation of the oil. and no item of a

test gives rise to more differences between buyers and

sellers, because of the lack of uniformity in the

method of distillation. In iqo2 and during subse-

(|uent years I was engaged with Mr. T. .\. Ellwood in

the fractionation of both coal tar and wood tar creosote,

for jnirposes which required far greater precision than

the commercial tests. At that time we found a long

necked retort the best vessel to use for coal tar creo-

sote in the preliminary distilation. For the distillation

of wood tar creosote I prefer a \\'urtz flask, and for

blast iqrnace creosote the same flask with a side tube

low di iwn in the neck.

l-'iir general purposes to meet the requirements of

all grades of coal tar creosote, a retort is the most

suitable vessel for the distillation, but to obtain uni-

form results the retorts must be of uniform size and

the position of the thermometer in the liquid must be

s]>ecified.

The retorts mu.st be of hard glass and should have a

capacity of 8 fluid ounces (up to the bend), and the

shape shoifld be such as to allow a free escape of the

vapors. Messrs. J. J. tiriffin & Sons, Ltd., make these

retorts in Rhenish glass, which stand the high tem-

peratures required. Dean and liateman' suggest the

use of a distilling flask of the Hempel type, with a

long neck and a column of beads, for fractionating

the creosote, and in an earlier paper a three bulb dis-

tilling flask such as is used in luigland for the distilla-

tion of essential oils, and known as a Schimmel three

bulb flask. The objection to bcith of these is better

observed in practice than it can be explained, but the

chief fault is that with oils containing a verv high pro-

])ortion of na])hthalene and varying C|uantities of wa-

ter, the distillation must be pushed verv rapidly to

l^revent the water carrying over naphthalene in the

first fractions and to ])revent tlie nai)hthalene from

solidifying in the side tube.

Shrenk, l-'ulks and Kaiuuer- advise the use of an

8 ounce retort and cover it u]) completely with as-

bestos card. They, however, put the thermometer

aljove the liquid in the retort.

My own experience is that results agree to within 2

per cent when the thermometer is ])laced in the

liquid, and the results are not always so reliable with

the thermometer out of the liquid, because of varia-

tions in the vapor cooled by draughts.

There is no direct relationship between the figures

obtained with any sample in the two ways, with the

thermometer inside and outside of the boiling liquid.

One result cannot be compared with another, for no

two samples agree in any particular difference between

the two methods.

I therefore favor the use of an asbestos covered

retort ( although a tin can with its side cut out is just
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iireiiicnt is made at a specified teinperauire. In order

that all fraetidiis shall he tluid the oil should he meas-

ured at 60° C. I ha\e seen so many specifications for

the distillation of creosote that 1 feel it would he use-

less to suggest one which would i)lease everyhody, but

the most useful points are:

Distillate up to -210"' C.

Distillate between 210°-23o° C.

Distillate between 285°-2T0° C.

Distillate I)etween 27q°-315° C.

Residue not distilling at 315° C.

Water.— This is determined 1>\' meastiring the vol-

ume in the first fraction distilled. An\- difficulty in

reading the dividing line between oil and water can he

remedied by the addition of 5 c. ciu. of solvent naph-

tha to the distillate.

Xaplitlialciic.—This should be estimated in the frac-

tions distilling below 270° C. and not in the entire oil.

by filtering the cooled distillate through filter cloth and

pressing between bibulous paper. By this means a

fairly accurate result is easily obtained. Alann'' has

suggested a method of determination by means of

what he designates the "latent heat point." His method

is useful when examining creosote of fairly uniform

(|uality. but an admixture of other oil would upset the

curve which he has plotted.

'I'ur Acids.—These should be determined by shaking

out with a 15 ])er cent caustic soda solution and subse-

(|uent acidification and measurement at 60^ C. The

creosote itself will not yield satisfactory results and it

is usually sufificient to shake out the fractions distilling

up to 315° C. Phenols are present in the higher boil-

ing fractions, but they are frequently sticky semi-

solid bodies and not easily measured.

Some very precise method of stating the amount of

"tar acids" is needed, for the figures given are often

very misleading.

Pyridine hoses are a most important factor for con-

sideratiiin by manufacturers of sheep dips and disin-

fectants. I usually determine the bases in the frac-

tions distilling below 315'^.

Residue I'ndistilled.—This fraction of creosote

luay or may not have a particular interest to a pur-

chaser. Many timber creosoting works ask for oil

with a high proportioti of high boiling fractions, and

then it is of importance that the residue should be ex-

amined. In order that creosote ma\- easily enter tim-

ber it is needful that it shall not contain any high pro-

portion of pitchy residue, and so that softness of this

residue may be assured it is often necessary to use a

blend of creosotes.

Siilf'honatioii.—In the I'nited States petroleum frac-

tions are sometimes found present in creosote : English

creosote cannot naturally contain any high proportions

and many contracts liiuit the sulphonation residue to

0.25 per cent of the creosote.

Parafifins exist naturally in the liigh boiling fractions

of coal tar and of anthracene oil. but I have only

found the following proportions in creosotes:

London Creosote .V. 0.13 per cent paraffin

London Creosote H. 0. 11 per cent parattin

London Creosote C.*0.2 per cent paraffin

North of England Creosote 0.3 to 5.0 per cent
Blast Furnace Creosote 0.3 to 0.5 per cent

High-boiling Blast Furnace Creosote 4.5 per cent
High-boiling Special Creosote (i.O per cent

The identification of i)araffin is made easy l)y deter-

luination of the refractive index of the sulphonation

residues, and the differentiation of petroleum distil-

lates from blast furnace creosote and coal tar creosote

is renedered possible also by measurement of the re-

fractive inde.x of the fractions of the oils.

In common with most oils, the parafifins have a re-

fractive index verging on L45 at the lower litnit and

1.5 at the higher one, whereas blast furnace creosote

distillates obtained during testing have a range from

1.48 to 1.54. and coal tar <iistillates from 1.57 to Lfii,

or even higher.

The method of distillation makes a great difference

in the figure for refractive index at any particular
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cult to measure comparatively the value of creosote,

but I am only anticipating matters slightly when I

state that a biological test of creosote will be needed

in the near future.

In conclusion I have to thank Mr. Wallace C.

Nickels for much valuable information and to express

my indebtedness to the governors of Battersea Poly-

technic for many facilities which they have afforded

me during the preparation of my paper.

DISCUSSION.

Air. V. Blagden asked Mr. Sage to explain whether

the last method which he described would detect the

presence of blast furnace creosote mixed with coal tar

creosote. That matter would interst the trade very

materially, and if Air. Sage had succeeded in discover-

ing a reliable and easy test on that point they would

all be deeply grateful to him.

Dr. J. Lewkowitsch said he was not quite sure

whether the author put these methods forward as

methods that ought to be adopted. He gathered Mr.

Sage laid rather more stress upon the determination

of naphthalene than one would as a rule. The deter-

mination would, he thought, be a faulty one, and

would range within very wide limits ; he would there-

fore have expected Mr. Sage would have laid more

stress upon the determination of the tar acids, because,

rightly or wrongly, some of the value of the oil was

ascribed to them, and they could be fairly easily ex-

tracted. As they all knew emulsions were obtained

by shaking out with caustic soda. The method adopt-

ed 30 or 40 years ago was to dilute with low boiling

tar fractions and use caustic soda solutions of low-

specific gravity. Then a clear separation was ob-

tained, all the tar acids were in the alkaline solutions,

and no further difficulty was encountered. The pridine

bases would of course offer no difficulty. With re-

gard to the refractive index. Mr. Blagden had already

touched on the crucial point—how were they going to

differentiate between mixtures? Too much reliance

was still placed upon the refractometer or rather upon

the deductions from its indications, which were ac-

curate enough ; but when mixtures were obtained, one

was entirely at sea and did not know how to interpret

the refractive readings. In his opinion it was not

worth all the trouble spent upon it. Lastly he could

not agree with the method of fixing the thermometer

in the liquid and relying upon the boiling point thus

obtained. The matter had been threshed out 20 or 30

years ago. The results obtained were hopelessly

wrong, and in his opinion the best and only reliable

way was to put the thermometer into the vapors as

they left the vessel. By the employment of such a

method he was afraid the discrepancies of which they

heard were only too easily explained.

Mr. W. J. A. Butterfield expressed his agreement

with what Dr. Lewkowitsch had said with regard to

the position of the thermometer. In distilling these

products he had frequently observed that a thermome-

ter placed in the liquid would suddenly run up even

200° C, while a thermometer in the vapor would rise

only some 20 or 30 degrees—that was with the higher

fractions of such products. With regard to the dis-

tinction between blast furnace creosote and coal tar

creosote he thought that a careful fractionation and a

comparison of the specific gravities of the fractions

was on the whole the best criterion of the mixture.

Mr. Sage had spoken of the determination of specific

gravity, and proposed to take it uniformly at 60° C.

That depended upon the creosote. If the creosote

were described as being free from solid crystals of

naphthalene at a particular temperature, it seemed

only reasonable to determine the specific gravity at

that temperature. There was no object in determin-

ing the specific gravity at a much higher temperature

than that at which the oil was fully liquid. The point

named by the author was very convenient undoubtedly

for most creosotes for pickling timber. But there

were many uses for creosote oil in which it was requi-

site that it should be free from naphthalene crystals

at a much lower temperature. He need only specify

the use of the oil for washing gas for the extraction

of naphthalene, and its use for thinning pitch for pre-

paring pitch macadam for roads. A recent specifica-

tion issued by a government department mentioned a

temperature of 20° C. for the determination of the

specific gravity, and it prescribed that the oil should

be free from solid matter, and remain so for a definite

period—in that case half an hour was named—at the

particular temperature. He agreed fully with the

author that it was highly desirable that there should

be a certain degree of uniformity in the methods of

testing creosote oil, but the points on which uniformity

rested must depend upon the specification, and he

thought where the specification, for instance, said that

the oil should be free from solid matter at 20° C. it

was absurd to take the specific gravity at 60° C. So

much must depend, in the testing, on the conditions of

the specification with which the oil had to comply.

The chairman said that in discussing the question he

proposed more or less systematically to take the points

as they had been introduced by the reader of the pa-

per. In the first place, however, they would all agree

that there were two broad classes of creosote. First,

creosote which was used for the creosoting of wood,

and, secondly, creosote which was intended either for

such special purposes as had been alluded to by Mr.

Butterfield or for the manufacture of sheep dips and

disinfectants. He did not propose to say anything

about the latter class. Such creosote stood alone, and

the character should depend, as Air. Butterfield had

said, upon the particular specification to which it was

supplied, and that again depended upon the use to

which the creosote was to be put. But if he was

right in concluding that the most important use of

creosote was undoubtedly that of creosoting timber,

then he thought they might largely confine their at-

tention that evening to a consideration of what were

the desirable features in creosote intended for that
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purpose: ami he was inclined to think the time had

nearly come when they should take a step forward

from the old iwsition in which the matter had heen

very largely left up to the present time, and which

was based on the specification originally drawn up by

the late Dr. Tidy. It had been generally accepted

that the creosote should contain not less than 25 per

cent of matter non-volatile at (k)0° F., which is rough-

ly the same temperature as the 300° C. taken by Mr.

Sage. lUit he would ask, ought not the proportion of

naphthalene always to be taken into account when one

is considering the suitability of a particular sample ?

He would urge that if there were an appreciable

amount of naphthalene that ought to be added to the

amount of relatively solid matter, which is represented

by the non-volatile at 316° C. or 600° F., and be

viewed as the total solid matter. If this were ac-

cepted considerable importance then attached to the

determination of the naphthalene. The creosoter aimed

at saturating his wood as nearly as possible with some-

thing that would not wash out. It was an old theory,

but he thought he might venture to say that it was an

exploded idea, that the tar acids were the valuable

constituents in creosote intended for application to

wood. It had been shown, some 30 years ago, in a

paper read before that society by Mr. Boulton, that

within a comparatively brief time after creosoted

wood had been embedded in the earth the whole of

the tar acids had gone. But the theory upon which

the appreciation of the old tar acids was based rested.

he thought, upon a misconception. The idea, in Dr.

Tidy's phrase, if he remembered rightly, was that the

tar acids coagulated the albuminoids of the wood. He
did not think the albuminoids had now quite the same

importance from that point of view, because in the

light of the biological knowledge of the present day.

if you excluded micro-organisms, then protein matter

was no more liable to decay than carbohydrate sub-

stances. He would lay it down that what was needed

in a creosote was a maximum amount of solid matter,

made up, in the first place, of the constituents non-

volatile at 316° C. and of naphthalene. With these

there was required just enough tar oil to act as a

solvent so as to permit of the solid constituents being

carried efficiently into the wood in the process of

creosoting. If he was wrong on that point, he would

like some practical man to correct him. I f they agreed

upon that point then the testing of creosote resolved

itself into a determination of the two solids, as he had

called them, with something like an accurate deter-

mination of the amount of water and the amount of

what he might call tar oils, though of course he did

not say that the determination of the tar acids should

be neglected.

Now taking Mr. Sage's order, he would first say

that as regards his definition he entirely agreed, and

he also agreed generally about the sampling and as to

proportion insoluble in benzol, that is to say, this last

should be an exceedingly small amount. As to stand-

aid methods he felt that if they were to make prog-

ress they must not lay down hard and fast or so

called standard methods. The chemists concerned

should confer and with a system of tender samples

there ought to be no difficulty in each side deciding

whether tender sample and bulk were alike or dif-

fered. On the question of specific gravity he felt there

was no more convenient temperature for the deter-

mination than 15.5° C, or 60° F. It was a tempera-

ture which was most general and which was easily

maintained in the laboratories of the United Kingdom.

If one remarked, "Yes, but the creosote very often

includes a considerable amount of solid matter," he

would point out that this solid matter was readily dis-

solved on the sample being raised to a temperature of

say 100° F., and when this was done a considerable

time elapsed before the naphthalene again separated

out. There was therefore not the slightest difficulty

in determining the specific gravity of creosote at 60°

F., or 15.5° C, with a specific gravity bottle. At all

events, he had never found any difficulty, and he

would urge all those who were interested in creosote

not to be led into determining the specific gravity at a

higher temperature than 60° F. merely because a

sample of creosote as received contained solid naph-

thalene. Then as to a description of the condition of

the sample as received. He had never found any diffi-

culty about that. Almost invariably a sample stood

at least overnight in the laboratory before it was

touched. He suggested that all they needed to do was

to register the condition of the sample when they

started the examination. If, how-ever. there was any

point in this matter being systematized he thought that

the sample might be just completely liquefied on re-

ceipt and then be allowed to stand all night, the tem-

perature and condition being noted in the morning.

Then it would be registered as "solid, temperature

so and so." or "half solid," or "almost wholly liquid

with traces of solid matter." Xo doubt from the point

of view of handling, the actual physical condition of

the creo,sote was an important matter. He had never

had to handle creosote on a large scale, and there-

fore had no experience, but he thought there must

be a very radical disadvantage in having to handle

drums or casks of solid matter which required to be

heated before the creosote could be got into the creo-

soting tank. Therefore he quite agreed that the

physical condition of the sample ought to be regis-

tered, though it did not convey any reliable informa-

tion as to the condition to be expected under other

circumstances such as standing for comparatively long

periods at relatively low temperatures. With regard

to the expansion coefficient, though from the lab-

oratory point of view he saw no advantage in the

determination, it was possibly useful from the point of

view of transit. How far that was a serious diffi-

culty he had no means of knowing, and he had no

reason to quarrel with the suggestion which the read-

er of the paper had placed before them. With regard
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to flash point he thought there was a certain aniotnit of

loose talk about "flash point by the Abel test.' As
regards the Pensky-Marten apparatus it was practi-

cally the Abel apparatus adai)ted merely for higher

temperatures, ^\'ithin his experience, no difficulty had

ever arisen, because there was no question of its

flashing at a dangerous temperature. Undoubtedly,

liowever, if a flash point determination were called for

the Pensky-Martin apparatus was the one that should

be used. Mr. Sage had suggested with reference to

the question of fluidity a standing period of six hours.

He (the chairman) had already said something on

that point, and he would only add that from the point

of view of use it was c>nly necessary that the creosote

should be fluid at the temperature at which it was

employed. It was usual to specify that the creosote

should be completely fluid at 90"^ F. or 95° F.. and

within his experience all ordinary commercial creo-

sotes satisfied this rec|uirement. The time within which

naphthalene would separate varied with the composi-

tion of the creosote without affecting the question of

suitability, while, as he had ah'eady said, he thought

the condition at ordinary temperatures was best ob-

served and recorded at the time of examination. \Mth

reference to the question of distillation he was pretty

closely in agreement with Atr. Sage, except on the one

point which had alread\' been dealt with by previous

speakers, viz., the position of the thermometer. There

was, however, one suggestion he might make in con-

nection with this part of the examination. Using a

Wurtz flask of the kind described by A[r. -Sage, but of

250 c. c. capacity, and with a delivery tube I'A inches

above the base of the neck and the top of the ther-

mometer l)ulb level with the side tube, he suggested

the advisability- of weighing both the flask and the

(|uantity of creosote taken for distillation, the latter

being approximately 100 c. c. To the neck of the

flask a small piece of wire was attached, and there

vCas then no difficulty in weighing the flask, first eni])ty

and then after the creosote was added. ( )n the dis-

tillation commencing, they at once enccjuntered the

(|uestion of water. If the volume of water was large

( and within his experience that happened only very

occasionally), the only way to obtain an average sam-

ple was to determine the volume of creosote and water

and make the analysis on the separated creosote.

Where such a separation of water was made, it of

course did not represent the whole of the water— for

once an emiflsion of creosote and water was formed

it was most persistent and was not to be got out by

even long standing. P)Ut. again, he did not think that

very often arose. Within his experience from 1 to 4

per cent of water was about the maxinunn that was

normally met with, and he thought it well to conduct

the distillation in such a manner that the first frac-

tion up to a temperature of about 160°, and until the

distillate was clear was always collected in a separate

receiver. There was then no difficultv in arriving at

tlie actual ])roportion of water. .Some little care was

reijuired in getting the water out without serious

bumping, but the difficulty could be got over. When
the distillating vapor reached the temperature of 316''

C or 600" F. the flask with the residue was weighed

after cooling, so that the amount of non-volatile matter

was correctly ascertained, and with a regulation of the

time occupied in the distillation there was no difficulty

in obtaining concordant results. He thought one

should always note and record the character of the

non-volatile residue, as in his opinion it to a very large

extent indicated the origin of the creosote. A normal

creosote from a gas works tar was a soft solid with

semi-crystalline structure. If. on the other hand, it

was blast fiu"nace tar it was always more or less

fluid, and if it included a certain amount of pitchy

matter, then it was also fluitl. but very thick and black.

TJiat brought him to another point, viz.. the detec-

tion of paraffin substances and certain soft pitchy

bodies. He did not know whether the process he sug-

gested was novel or not, though he had never seen any

reference to it. Me had observed that the kind of oil

to which he had just referred—one containing soft

pitch-like or paraffin substances non-volatile at 316°

C. and not of the crystalline character of normal

crel^'^ote—was easily distinguished by its degree of in-

solubility in alcohol. .\ normal creosote was almost

wholly soluble in from three to nine volumes of

methylated spirit. The proportion of spirit beyond

three volumes did not make any very appreciable dif-

ference, but he preferred to tise nine volumes of alco-

hol. If the creosote contained this pitchy or solid

paraffin matter it was also usually indicated in the

original sample by the way in which the creosote clung

to a glass vessel, while a normal creosote oil with less

viscosity and color did not cling, and at once left the

glass clean and practically colorless. Xormal creosote

vielded an insoluble in alcohol of less than i per cent

— frequentlv it was only two or three-tenths—but

others gave 2 per cent, occasionally going up to 4 per

cent and in rare cases reaching as high as 16 per cent.

One of the most valuable poiiUs dealt with by ^\r.

.Sage was the determination of the proportion of

naphthalene. He full\- agreed tliat the determination

nuist be made on the distillate and not on the original

creosote. He tliought. however, that the time had

come when a more accurate determination of the

naphthalene was necessary than had lieen hitherto

general. The method usually practiced was to nierely

separate without any special attention the solid which

crystallized out from the distillate. P>ut by cooling to

— 10' C. a very much more complete separation was

obtained. The method to be recommended was to

lilter through linen on a Buchner funnel with the aid

of the pump. If the -distillate indicated that the pro-

portion of naphthalene was large, it was filtered at

once without special cooling. The filtrate was then

cooled to bring out a further quantity which was once

more filtered off, and finally the filtrate was cooled to

— 10° C. and again filtered. \\'hen the proportion of
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iiapluhak'iK' was lai\i;c if mu' inocccdcii to cool the

distillate at once, the liiniid became so thick that there

was considerable ditttculty in eti'ecting any filtration.

.\s each ])ortion of naphthalene was got on the filter it

was pressed by a glass stopper which just fitted tlie

r.uchner funnel, and the com])arativel\' dry naphtha-

lene was removed from the linen to a beaker in which

it was weighed, this being done before the next liltra-

tion was ct)mmenced. In the later liltrations the ISuch-

ner funnel was itself surrounded by the cooling mix-

ture used to reduce the temperature of the successive

filtrates. In this way a filtrate which remained clear

at — to C was obtained and the separated naphtha-

lene was so firm and tlry that it did not liquefy at the

room temperature of say 60°—65° F.

It might well be asked, how much of the total naph-

thalene does the cjuantity so separated represent
''

Well, that obviously varied with the proportion of

what might be called pure tar oil. for of course this

remained saturated with naphthalene at — 10° C. If

the tar oil taken by ditterence from the other constitu-

ents was high, a considerable proportion of the total

naphthalene might remain dissolved, luit where the

proportion of tar oil was low then the naphthalene re-

tained in solution was about balanced by the tar oil

retained by the pressed naphthalene which had been

separated. There was therefore here a good practical

determination, such a proportion in fact as ought to be

taken into consideration and reported. The chemist,

however, he thought, might well go further and deter-

mine. l)y means of picric acid, the total naphthalene

an<l other substances precipitated by picric acid in the

distillate after the removal of the tar acids. This he

had himself done for a long time past, and he thought

that the practice ought to be adopted more generally.

There was no difficultv in this determination by means

of picric acid, but he had already taken up so much

time that he would not further go into the matter.

With reference to the determination of the tar acids

and pvridene bases, he did not think any difficulty now

arose. With reference to a point made by Mr. Blag-

den, he would suggest there were means of distin-

guishing a blast furnace creosote from a normal coal

tar creosote. First, the tar acids or phenoloids of the

blast furnace creosote were as a rule of a much higher

boiling point than those obtained from ordinary gas

tar; and. secondly, as far as his experience went, he

had found that the residue non-volatile at 316° C.

from a blast furnace oil was very small, and was

liquid. Xaphthalene of course might be added, and its

presence therefore was not indicative : but if one got a

small and soft residue non-volatile at ,100° C. with a

high proportion .of high boiling phenoloids. the origin

of the creosote was pretty clearly shown. With refer-

ence to sulphonation and the determination of the re-

fractive index, he had never found any occasion ac-

tually to apply these, but he agreed with Dr. Lewko-

witsch as to the difficulty of drawing conclusions from

a refractive index when there was a mixture of sub-

stances. Trobabh' sulphonation was more applicaljle

in countries like the United States than in the L'nited

Kingdom.

.Mr. Sage, in repl\-, said most distinctly and emphat-

ically that in the majority of cases it was possible to

determine the presence of blast furnace creosote in

coal tar creosote. Dr. Lewkowitsch had pointed out

the difficulty they all met with in dealing with a mix-

ture of substances, but if they took the whole of the

distilled fractions and determined their refractive in-

dex, they would find that if there was as much as 7 to

10 per cent of blast furnace creosote present, it would

Ijring the refractive index outside the range shown in

his (Mr. .Sage's) diagrams. He thought members

would find that if they worked upon these lines they

would be amply repaid. Air. Ihitterfield had remarked

that it was possible to determine the presehce of blast

furnace oil in creosote by taking the specific gravity of

the fractions. If the sample was sufficiently large to

admit of this, it was perfectly correct, and what the

chairman had said as to the amount of "tar acids" was

also true. All those items helped to define the pres-

ence of blast furnace creosote in the oil. Me would

suggest, however, that there was another way. and

that was by making the distillates alkaline and shaking

with air, then noticing the color produced as absorp-

tion of oxygen ])roceeded. It was a Icing method of

procedure, but the results usually left little room for

doubt. He did not lay as much stress on the deter-

mination of naphthalene as Dr. Lewkowitsch appeared

to think, although he was fully cognizant of the value

of naphthalene as a timber preservative, and he thought

that of the solids in creosote it was one of the most

valuable. He had on several occasions dissolved naph-

thalene in "tar acids" and used it for timber. It pre-

served the wood, but did not give the nice brown color

which was expected of creosoted timber. With re-

gard to Dr. Lewkowitsch's remarks as to the position

of the 1.)ulb of the thermomcler. he wished he could

agree with him. In fractional distillations of any-

thing else he always used the thermometer with its

Ijulb in the vapor, but many years' practical experience

suggested to him that he always got better results the

other way—namely : with the thermometer bulb in the

boiling creosote. It was a matter which, above all

others, needed definite settlement, and personally he

was agreeable to either methcid if only it could be

specified and adopted generally.

.\s to Mr. Butterfield's other query, he was in gen-

eral agreement as to the point raised by him.

Dr. Tidy's specification, mentioned by the chairman,

was one of those antiquities which they all turned up

reverently when they wanted to read what other chem-

ists had to say about creo.sote. He fully agreed with

what the chairman had said with regard to the volatili-

ty and wash-out-ableness of tar acids in creosote,

which was used for pickling timber, but he would sug-

gest that it was not only these tar acids and naphtha-

lene in creosote which acted as preservatives. The
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high boihng fractions contained some plienoloids, as

well as anthracene, and these being of a thick, sticky

nature ought to have some beneficial preservative ef-

fect. j\lr. Hooper mentioned the temperature at which

some of these things boiled. He had separated the tar

acids from blast furnace oil on many occasions and he

'could assure Mr. Hooper that, with his thermometer

well above 320° C, he still had a lot of residue left in

the flask. (The chairman: Was the thermometer in

the liquid?) Mr. Sage explained that in his fraction-

ation of tar acids it was not in the liquid but the bulb

was opposite the outlet tube in a Wurtz flask. Mr.

Hooper had mentioned that there were no particular

Board of Trade regulations with regard to the flash

point of creosote. The insurance companies, how-

ever, held the whip hand in these matters, and it would

also be found that timber used in the work of the un-

derground railways must not be creosoted ; that if it

was preserved in any way it must not be by means of

creosote. He believed that many engineers present

would confirm his remarks on that point. Recently he

had to determine the solubility of some of the products

of creosote in alcohol, and he could confirm what Mr.

Hooper had said—namely : that it was a valuable

method of distinguishing one variety of creosote from

another. Preferably he added a little acetic acid to

the alcohol so that any basic substances which were

present would form more soluble compounds. His

standard solution of picric acid was seldom used ex-

cept for determining very small amounts of naphtha-

lene in naphthas, and he was not favorably impressed

with the idea of a volumetric determination in creo-

sote by means of picric acid. The determination of

naphthalene was of great importance to buyers and it

was ridiculous to attempt to determine it on the un-

distilled sample of creosote when it was known how
soluble the naphthalene was in the high Ixiiling frac-

tions.

A RAPID METHOD FOR THE ESTIMATION
OF SULPHUR IN COAL GAS, OR OF

AMMONIUM SULPHATE.*

Statistics compiled by the United States Geological

Survey show that the production of spelter or me-
tallic zinc from ore for the first six months of lyii

was 140,196 short tons, a gain of more than 5,000 tons

over half the record output of 1910. Of this produc-

tion, 5,135 tons was made from foreign ore. Si)elter

stocks were reduced from 23,232 tons to 17,788 tons.

Imports remained about the same, but exports were
nearly double those of half the preceding year. The
apparent consumption of spelter was 133,497 tons,

an increase of more than 12,000 tons over the half of

1910, but about the same as in half of 1909. The aver-

age price of spelter at St. Louis for the period of 5.36

cts. per pound, the London average being .2 cts. less

per pound. During the latter ])art of Ma\- and the

first part oi June the average London price was about

.1 ct, higher than the corresponding St. Louis prices.

Under this stimulus the May exports of spelter, zinc

rire and dross were largely increased over those of

the preceding months.

.\mmonia can be determined with rapidity and ac-

curacy by making use of the well-known reaction of

Malfatti—the formation of hexamethylenetetramine

and liberation of acid by treating a solution of an am-

monium compound with formaldehyde ; the reaction

proceeds quantitatively according to the reaction:

4XH,a + TiCH.O = N, ( CH, ),, + 4HCI + 6H„0
and tlie acid liberated can be titrated with standard

alkali, using phenolphthalein as an indicator.

Determination of Sulphur in Coal Gas.—The liquor

obtained in the "Referee's test" is made up to 500 c.c.

and 50 c.c. boiled for two or three minutes to get rid

of carbon dioxide ; to the hot solution 10 c.c. of a neu-

tral formaldehyde solution (of about 30 per cent

strength ) are added, and the solution is at once titrated

with N/io caustic potash solution. One c.c. of this

solution corresponds to 0.0247 grain of sulphur.

It is well to standardize the potash solution by means

of a standard solution of ammonium sulphate con-

taining a little ammonium carbonate.

The following figures show that the method gives

concordant results, and although the determinations by

barium sulphate are a little lower, the discrepancy is

too small to be of any importance

:

SULPHL'R IN CR.MNS PER lOO CV. FT.

By barium By rapid

Sniiiplo. sulphate. method.
t i.yd 4.!IJ8

.x-211

,J.0.J8

Mean 5.004

n 10.19 10.8!)

10.83

10.6().i

11.11-5

Mean 10.89

III 32.81 33.9T

33.97

Mean 33.97

V 1 . f 27.4r. 27.72

Vr S-Redheugh Works! 21.02 22.12

VII
J [ 21.12 21.63

VIII Elswick 4.811 r,M'

.\s the volume of ])otash used is considerable the

method can be utilized for the determination of sul-

phur in a smaller volume ( i or 2 c. ft.) of gas and the

whole operation can be completed in an hour. It is

only necessary to burn a measured voliune of the gas

under a glass adapter and by means of a water pump
draw the ])roducts of combustion through a solution

of ammonium carbonate, which is then treated with

formaldehyde as already described.

Determination of Ammonium Sulphate-—The am-

monium sulphate is dissolved in water and, as it is

always acid, neutralized with standard caustic potash.

An ali(|uot portion is then boiled for a few minutes.

10 c.c. of neutral formaldehyde solution added, and

the li(|uid allowed to boil for a few seconds. Phe-

*Froiu the .Tournal Society of Chemical Industry.
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nolphthalcin is now adck-d, and ihc hot solution titrated

with X/io caustic potash (of wliich .i c.c. = 0.0049

H,SO„ 0.017 NH3, 0.0066 (NHJoSOJ.
Rapid method.

.\mmoiiia per cent.

1. -J.j.tio

2. 25.14

3. 24.95

4. 24.78

5. 25.1,8.

Barium sulphate metliod.

.\mmonia per cent.

25.(34

25.16

24.92

24.77

25.16

A NEW METHOD FOR DETERMINING OIL
ADULTERATION BY MINERAL OR

RESIN OIL.-

By ALEXANDER E. OUTERBRIDGE, JR.

When examined by reflected light, hydrocarbon oils

(improperly named "mineral" oils), whether crude or

partially refined, show a peculiar greenish tinge com-

monly called "bloom." ^\'hen examined by trans-

mitted light the bloom disappears and the true color of

the oil is seen. This color ranges from dark red or

mahogany tint through various shades of orange and

yellow up to "water white," according to the degree of

refinement. Resin oil possesses the same peculiar

characteristics, except that the color of the bloom is

pure blue. Its chemical composition is so nearly like

that of a hydrocarbon oil that these resemblances ap-

pear to me to be more than accidental coincidences and

suggest the possibility of a common origin between so-

called mineral oil and resin oil. This speculation, how-

ever, is not germane to our topic, which has to do

strictly with a new practical application of that prop-

erty commonly called bloom to the instantaneous de-

tection of adulteration of vegetable or animal oils with

hydrocarbon oils.

Fluorescence of Certain Oils.—Doubtless everyone

has noticed the bloom in mineral oils and wondered

perhaps as to the cause of this singular greenish ap-

pearance, which is especially noticeable in crude oil

and in heavy lubricating oils. Bloom is merely a popu-

lar name for a remarkable property possessed by a

number of substances, the scientific name for which is

"fluorescence." In simple non-technical words, fluores-

cence is a property inherent in some substances of

becoming self-luminous while exposed to certain rays

of light known as "ultra-violet" or "actinic" rays.

These rays are always found in sunlight and in some

forms of electric light.

^ In the course of my investigations 1 found that the

greenish bloom or fluorescence of mineral oil and the

blue bloom of resin oil noticeable in daylight can be

enormously intensified or magnified, perhaps a thou-

sand fold, so that, if a single drop of mineral oil

be placed in a vessel containing a hundred or even a

thousand drops of pure linseed oil, or any other non-

flttorescent oil, its presence may be instantly detected

by the greenish fluorescence which it imparts to the

whole of the oil. The same is true of resin oil, which

gives blue fluorescence. The utilization of this obser-

From The Iron Age.

\ation for practical purposes of detecting adulterations

is the gist of this paper.

By preparing standard samples of any non-fluor-

escent oil containing one-tenth, one, two, three per

cent, and upward, of mineral or resin oil, in clear glass

test tubes placed in a suitable frame against a dark

background, each showing readily and unmistakably

the increasing proportions of the adulterant under a

light giving ultra-violet rays, a "fluorescent scale" has

been established, somewhat similar to the well-known

carbon color scale used in steel foundry laboratories

for quickly determining, by color comparison, the

proportion of carbon in an acid solution of steel.

I am prepared to make unhesitatingly the broad as-

sertion without fear of contradiction that there is no

method known by which the presence of either mineral

or resin. oil in any non-fluorescent oil in small or large

amount can be so disguised as to be undetectable in-

stantly by this method, and this certainly is an inter-

esting and important fact of considerable practical

value to consumers of costly oils.

Test Applicable to De-Bloomed Oils.—Methods of

chemical treatment of mineral oil have been discovered

to "de-bloom" mineral oil so that it can be used with

impunity, so far as the bloom is concerned, as an adul-

terant for expensive vegetable and animal oils, and I

learned that there is a very large trade in de-bloomed

oils for this purpose. Samples of de-bloomed oils of

different grades and colors were obtained. They are

free from bloom in bright sunlight or ordinary dif-

fused daylight, or in the light from an ordinary electric

arc, but when subjected to the kind of light which I

shall presently describe they oil became highly fluor-

escent, and even the proportion of adulteration with

de-bloomed mineral oil in any specimen of non-fluor-

escent oil mixed with such de-bloomed mineral oil may
be stated. I anticipate that this positive statement now
made for the first time will cause some consternation

among makers of de-bloomed mineral oil.

If both mineral oil and resin oil be used in combina-

tion as adulterants, it becomes more difficult to make
quantitative determinations instantly by the fluorescent

method; hence the qualification implied in the word

often. But "practice makes perfect" in many opera-

tions, and this is no exception to the rule.

Ho7i' Fluorescence is Obtained.— It is the ordinary

inclosed arc, so commonly used in industrial works by

reason of its relative economy, that happens to give

out rays of the exact wave length needed to enor-

mously increase the fluorescence of these oils. If the

plain glass cover of this light fits properly, so that air

does not enter as rapidly as it is consumed, the arc

burns in a partial vacuum or, at least, the air is rarified

and, under these normal conditions, this light shows

continuously, after burning a minute, a faint rosy light

in addition to the powerful white light. If now a ves-

sel containing any mineral oil. crude or refined, or any

resin oil, be placed in the path of these rays the most

intense fluorescence appears, even in daylight, green-
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ish in the case of mineral oil, blue in the case of resin

oil, thin films glowing in the same manner. So strong

is this fluorescence that I have even detected i c. c. of

crude mineral oil in 999 c. c. of non-fluorescent oil.

I have examined a large number of vegetable oils,

such as cotton-seed oil, corn oil, China bean oil, China

wood oil, etc., and have not found a trace of fluor-

escence in any of them. It is stated in some text-books

that "oleic acid," which is found in lard oil, is fluor-

escent. On examination I find that pure white

strained lard oil is entirely free from fluorescence un-

der the ultra-violet ray, but all of the samples of so-

called Xo. I or Xo. 2 lard oil ( sold for use in machine

shops) examined possess some fluorescence, and this

may prove to be a novel means of rapidly determining

the proportion of oleic acid in lard oil, though I only

suggest it tentatively, not having studied the matter

carefully from this point of view. The slight fluor-

escence of ordinary lard oil is different in appearance

from that of mineral oil or resin oil. and does not ma-

terially interfere with the application of the flourescent

test for its adulteration with mineral or resin oil.

Simple Scheme of Testing—In daily practice I have

found it convenient to put the standards in narrow-

tubular oil-test bottles holding about 50 c. c. each

;

these are corked, labeled and placed side by side in

small wooden racks (like test-tube holders) on a shelf

in proximity to an inclosed arc light, beginning with

pure oil at the left-hand side. Then a similar sample

containing o. i per cent of mineral or resin oil, as the

case may be, then i per cent, and so on, increasing by

single percentages up to 10 per cent. It is advisable

to prejjare several different series of standards with

fluorescent oils of different grades. Crude mineral or

resin oils are much darker in color than refined oils,

and the color by transmitted light is a guide to the

kind of oil that has been used for adulteration and

is consequently an indication of the proper standard

series to be used for comparison in making a quanti-

tative fluorescent analysis.

It is not necessary to prepare standards for each

kind of vegetable or animal oil ; thus, the standard

series prepared with linseed oil serves for examination

of cotton-seed oil, corn oil, China wood oil, China

bean oil or any other non-fluorescent vegetable oil. It

is necessary, however, to prepare special standards

with lard oil for testing adulterated lard oils.

The compounding of core oils has become a large

business and nearly all samples that have come to my
notice contain mineral or resin oil or both. Xeither

of these oils impart any valuable properties to core

oils, but are used simply to dilute more costly oils

;

and, in point of fact, they are positively deleterious,

being of a non-drying nature, impairing the good oil

binder and requiring more ftiel and a longer time for

baking the cores in the ovens.

I have found that "Soya" oil expressed from beans

grown in enormous quantities in China and elsewhere

is an excellent substitute for linseed oil for making

cores if used in its natural state, without having been

compounded or adulterated by core-oil makers. It

costs about 60 cents per gallon for finer grades. The

very best substitute for linseed oil as a binder for oil

cores that I have discovered is crude whale oil, costing

about the same as Soya oil, the only objection to its

use being an unpleasant fishy smell which escapes

from the core ovens during the baking of the cores.

It makes a splendid binder. Cotton-seed oil is used

for the same purpose, but so much larger proportion

of oil to sand is required that there is little economy

in its use as compared with the other vegetable oils.

.\ simple and practical test of the value of core oils

is to make a dozen companion test cores 1x1x15 in.

from batches of pure linseed oil and sharp sand, and

also from the same proportions of any other oil and

sharp sand. These are placed side by side on an iron

plate and baked under precisely the same heat condi-

tions. When cold they are broken on a transverse

testing machine with supports 12 in. apart. The rela-

tion between the average strength of the two sets of

test cores is a measure of the liinding qualities of the

oils.

The principal countries exhibiting at the Interna-

tional Rubber Exhibition held in London, June 24 to

July 14 last, were Brazil. Ceylon, Federated Malay

States, Belgium, Holland, Germany, South India,

Uganda, and the West Indies. The special medal

for the best exhibition of rubber was awarded to the

State of .'Xmazonas, Brazil. This exhibition consisted

of 20 tons of rubber and 5 tons of caucho ball, rep-

resenting approximately the one-thousandth part of the

rubber passing annually from Manaos, In 1901-2,

19.989 tons of rubber and caucho were received in

Manaos from the State, inclusive of that in transit

from Peru, Bolivia, and X'enezuela. In 1909-10 this

total had risen to 30,065 tons. This was natural or

"wild" rubber, from vines and trees indigenous to the

soil.

The statistics collected by the .Association of (ler-

man Iron and Steel Producers are returned so rap-

idly by the interested makers that it is already possi-

ble to ascertain the production of pig iron in Germany

in the first half of the present year. .Although the out-

turn of pig iron of 1,262,000 tons in June was less than

in each of the three preceding months, it was yet in

excess of the corresponding month in 1910. The total

make in the first six months was 7,682.000 tons, as

compared with 7,202,000 tons in the equivalent period,

being an increase of 480,000 tons. The half year's

output constitutes a record and corresponds with an

annual production of 15,360,000 tons, while the quan-

tity of pig iron made in 1910 only reached 14,793,000

tons.

In 1910 Xew Zealand exported wool to the value of

$40,338,873, as against $30,646,616 in 1909.
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NOTES AND COMMENTS.

Need of Research in Chemical Engineering.

Every branch of engineering, with the exce[)tion of

chemical engineering, possesses its hand-book to which

the engineer can turn for information which is de-

sired upon almost any subject that is under consid-

eration. The chemical engineer has access to no such

fund of information
; i)rimarily because there is no

actual data available, (jii the fundamental operations

of chemical engineering. Take for example, as com-

mon an operation as that of filtering in a press a lic|uid

containing a suspended solid : there is absolutely no

data covering the quantity of filtering area required

to filter a definite tjuantity of liquid in unit time.

There are no works which even ccintain any definite

statements as to the best kind of filtering material to

use for certain classes of substances, no data is avail-

able on the wearing c|ualities or life of the various fil-

tering materials, or on the most effective working

pressure.

Anyone looking for information on the subject of

Factory or Laboratory.

The recent graduates from our courses in chemistry

and chemical engineering have probably either spent

the past two months in working under new surround-

ings, or in searching for an opportunity to show some-

one the e.xtent of their scholastic training.

It seems to the writer that, in this period of the

development of the _\oung chemist and chemical en-

gineer, there is no question the solution of which will

be of so much importance to the young man, as the

one of securing proper connections and surroundings

for e.xpansion in his work. The graduate in chemical

engineering has two quite dififerent fields open to him

:

he may secure employment in the laboratory connected

with some industry, and start as an analyist, his aim

being, we suppose, to familiarize himself with the con-

ditions essential to the chemical control of the oper-

ations applied in this particular industry, and to use

the knowledge thus obtained in securing a position of

responsibility in a plant where he will have some-

thing to do with the actual manufacturing processes.

The other line of endeavor open to him is to accept
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a position as a laborer in a plant, depending on his

brains and training to raise him from this position

through the grades of sub-foreman, foreman, assistant

superintendent and superintendent, to a point where

he will not only be receiving adequate compensation

for his serAUces, but also to where he will be actually

responsible for certain manufacturing processes.

The writer has, during the past years, noted the

progress of a considerable number of young men

trained in chemical engineering, and the observation

has been that the men who accept laboratory positions

in the great majority of cases never succeed in leaving

the laboratory and connecting up with the factory op-

erations. If this occurred only in a few instances, the

failure to make the necessary connections might be

ascribed to something lacking in the man himself,

but the large number of cases in which this occurs,

leads one to the conclusion that there is something

fundamentally wrong in the relation which the aver-

age laboratory bears to the departments carrying on

•the actual manufacturing operations. This is some-

times due to the prejudice entertained by old-time

foremen and superintendents against technically

trained men, sometimes it is due to the inditterence

of the laboratory chief to the part which his force

should sustain in the composite relations of the plant

processes as an entirety.

It is undoubtedly difficult for the average college

graduate to reconcile himself to the idea of hard man-

ual labor, and the associations which he will neces-

sarily have with the men customarily employed for

such duties in our manufacturing plants. The writer

believes, however, that it is infinitely easier for a young

man to obtain a position of responsibility where he

will be in actual control of the manufacturing processes

by starting as a laborer, than it is for him to obtain

such a position by way of the laboratory. It is a test

of the nerve and grit of any }'oung man that he be

willing to accept a laboring position in any manu-

facturing industry, but it is just this nerve and grit

that is essential to his later success. It is the lack of

it in many instances which leads him to go into the

laboratory, and which keeps him there once he has en-

tered it.

A'aluable deposits of asbestos have been found at

Kuantien. 45 miles from .-Xntung, China.

MALLEABLE IROX CHEMIST, familiar with

foundry conditions, desires to make a change this fall.

Moderate salary. Bo.x 41, Chemical Engineer, Chi-

cago, Illinois.

C. L. PARKER
Solicitor of

CHEMICAL PATENTS
New York

Rooms 829-830 2 Rector St
Suite 46 McGllI Building

Washington, D. C.

AUTOMATIC

WATER
STILL

A serviceable gas distil-

ling apparatus.

Capacity 1-2 to 9-10

gallons per hour.

Cost per gallon 2.5 to

3 cents.

The Booth Apparatus Co.

Dillaye Building

Syracuse, New York
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THE PRACTICAL VALUE OF THE DETER-
MINATION OF BRITISH THERMAL
UNITS IN TESTING ANTHRACITE

COAL.

By S. F. PECKHAM.

This paper and the conckisions sought to be estab-

lished, are applicable only to anthracite coal.

The City of Greater New York embraces an area

that may be roughly outlined as half a circle, having a

diameter of 35 miles, extending from Tottenville, S. I.,

to the boundary line between the Borough of the

Bronx and Mt. \'ernon. A large percentage of this

area is covered by the water of the East River and

Upper Bay. While means of communication are

admirable, they embrace tunnels, bridges, and ferries,

that consume a great amount of time in their use.

. The deliveries of anthracite for the use of the City

of New York, including the municipal ferries, bridges,

public buildings and water supply, are made at about

1,200 stations. The quantities delivered at these sta-

tions vary from one ton to the contents of a barge of

several hundred tons.

To test the quality of the coal delivered at these

-Stations, requires that samples be made and gathered

;it one or several centers, where the tests of quality

niay be made.

It is assumed, for the purpose of illustrating this

paper that the samples are properly taken, as the

samples used were all taken by one person. As an

economic question the gathering of samples by com-

petent persons over such a vast area is a serious prob-

lem. The samples gathered were sorted by screens

as to sizes and the coal that passed each screen was

carefully weighed and the percentages determined.

These masses were again mixed and sorted by hand

and the amount of bone and slate present weighed

separately. The percentages of bone and slate are

very important determinations. They indicate in a

measure, when considered together with the results

of analysis, whether the coal is poor in quality or

whether a good coal, cither through carelessness or

purposely, contains an excessive amount of slate.

The whole of the sample was then crushed and

pulverized in a Ijall mill, not to a powder, but to a

finely granular condition, the grains resembling in

size, grains of rifle powder.

This is an ini|)r)rtant consideration, for the com-

bustion produced in the Mahler bomb is to some

extent explosive and immediate combustion should

proceed throughout the entire mass in a manner pre-

cisely similar to the combustion of gun powder. If

the coal is pulverized to a powder it is liable to be

thrown out of the disc into the bomb and escape com-

bustion. The grains should, however, not be coarse,

otherwise the combustion may be more or less in-

complete. It is very important tliat a complete com-

bustion be secured.

This granular coal, which should contain very little

powdered coal, is sampled and placed in a small bottle

from which all of the material for analysis is to be

taken. The first determination is made upon one

gram, weighed into a platinum crucible, holding about

JO C. C. with a tightly fitted lid.

All of the samples tested for this pa])er were dried

in an electric oven at a temperatiu'e of 180° F. The

amount of water determined under these conditions

can be duplicated any number of times on the same

specimen to almost identity. The loss of weight

gives the percentage of water directly.

The covered crucible was then placed in the flame

of a Bunsen's lamp and heated to bright redness for

seven minutes, cooled and weighed. The loss of

weight gives the percentage direct of volatile matter.

This percentage is sometimes termed volatile combus-

tible matter, but it is not necessarily all combustible

matter in samples of hard anthracite.

The action of these samples indicates very con-

clusively that a part of this loss consists of occluded

gases of varying composition. The sample in the open

crusible was then burned to ashes and the ashes

weighed. The combustion of white ash coals is quite

rapid, but red ash coals and coals containing pyrite

require a longer time for complete combustion. The

ash is weighed and its weight noted. The percentage

of ash and the diflference in weight between the ash

and coal deprived of its volatile matter is computed

as fixed carbon. These determinations divide the

coal into moisture, volatile matter, fixed carbon, and

ash. They may be almost indefinitely repeated to

within a few thousandths of one per cent.

The determination is easy, rapid and exact, con-

sequently while giving only pro.ximate results, it is a

very satisfactory method of analysis and I think it can

be shown to constitute an indication of the quality of

the coal that is both certain and exact.

If it is desired that a detennination of the British

Thermal units shall be had in addition to these
.
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results, resort is had to the 2\lahler homb or some of

its later modifications. Experience has shown that

the ?\Iahler bomb gives results under certain condi-

tions that corroborate and emphasize the results ob-

tained by combustion.

The results furnished by the IMahler bomb, how-

ever, cannot be exactly duplicated, in consequence of

the fact that the operation of the instrument is more

delicate than our observations, that is to say, we can-

not read the thcremometers to a degree of exactness,

corresponding to the variation in the efficiency of the

instrument ; for this reason, under the most fav-

orable conditions, results will vary by a certain per-

centage. Tlie action of the instrument is also more

efficient at a given temperature, which if exceeded in

consequence of very hot weather, or diminished in

consequence of a k^w temperature, has a very marked

influence in modifying the results obtained. Annther

cause of variation is observed to depend upijn the

amount of moisture contained in the specimen of coal.

If the coal is at all wet or even damp, it is possible

that the water may be decomposed by the carlion, the

oxygen disassociated from the hydrogen, and the

hydrogen burned as free hydrogen, thus increasing

the apparent thermal units and destroying the values

by a considerable percentage. I have repeatedly ex-

perienced an excess of thermal units, which I could

explain in no other way. Another cause of error

lies in carelessness in reference to the amount of coal

taken for the assay. If much more than 350 milli-

grams are taken, the combustion is liable to be in-

complete. The amount of assay was found; on

experience to be proportioned to the volume of oxy-

gen and any excess over 400 milligrams is liable to

produce an incomplete combustion, particularly where

there is a residuum of slate or bone.

The use of the }\laliler bunili is thus shown to be

subject to variation, while theoretically indicating the

exact value of the coal for heating jjurposes. \'ariation

in the conditions under which the determination is

made, subjects the results to variation, which can only

be controlled with .great difficulty and may result in

proving the coal to be more efficient than it really is,

or less efficient than it really is. The results being

by no means as exact and constant as an ordinary

laboratory determination, as for example those

obtained by the proximate analysis which has before

been described.

This subject has been agitated for several years

by the City Government of New York. Formerly

each department of the city purchased its own coal

on such terms as it saw fit. The result was often

found to be entirely satisfactory to the commissioners

of one department, liut were ver\' unsatisfactory to

those of another. One source of difficulty was found

to lie in the varying and often antiquated, and some-

times wornout, plants in which the coal was burned.

The varying results obtained, when estimated in dol-

lars and cents, under these varying conditions, led

to comparisons between the efficiency of city plants

and those of privately owned plants, often greatly to

the disadvantage of the city.

In consequence, a movement was made in the last

months of 1909 to standardize the specifications un-

der which coal was purchased for the city, with an

idea that more satisfactory results would follow. In

other words, that more heat could be obtained for a

dollar expended.

A committee was appointed by Mayor McClellan

which embraced in its membership, representatives

of all parties interested. The action of the com-

mittee, however, was delegated, by the chairman, to

a sub-committee, in which practical experience was

entirely overshadowed by academic and theoretical

knowledge. It is not necessary to state the lack of

fitness possessed by the chairman of this sub-com-

mittee, who was an accomplished physician, but no

chemist. His influence over the committee, however,

was very great.

.\ new administration took u]) this matter after

Januar_\- 1, iQio, but the influence of the theoretical

advocates of paying money for heat actually obtained

still held sway. The result was the adoption of

specifications under which payments were to be made
upon the contracts, based almost wliollv upon the

determination of British Thermal units, developed by

the combustion of the coal.

The result has been practically disastrous to the

interests of the city.

Under the old specifications, the coal was rc(|uired

in most departments to contain, not to exceed 16 per

cent of ash, nor less than 80 per cent of fixed carbon,

a theoretical consideration that would demand a very

fine f|ualitv of coal, l^nt \\hich can be easily shown to

be whollv impracticable. Analyses of several hun-

<lred specimens of coal show no coal on the market

that vielded 80 per cent of fixed carbon, contains 16

per cent of ash. Sixteen per cent plus 80 per cent is

(/) per cent, leaving only 4 per cent to include water

and volatile matter. The water will average, from

om- laboratory exjieriments, 2^ per cent in air dried

coal. The volatile matter averages about 6 per cent.

The volatile matter is a constant constituent of every

variety and size of coal. The water may be removed

bv special care in drying, as I have analyzed samples

that would not lose any water at a temperature of 212

degrees F., but 99 per cent of all the coal that I have

examined of all sizes, contained an average of 2V2

per cent of water when air dried. In consequence

of these facts, it is impossible that the fixed carbon

and ash remaining after the water and volatile mat-

ter had l.ieen removed should be equal to 96 per

cent. The sum of the fixed carbon and the ash should

never exceed 91 K' per cent, if a maximum of 16 per

•cent of ash is allowed. The minimum of fi.xed carbon

would then not exceed j^ per cent, which would in-

dicate a barelv good .sample of coal. It is impos-

sible to pick from coal as small as buckwheat, all of

the slate ; it is also impossible practically, to prepare

an average of a dozen sample* of buckwheat coal ob-
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tained from an\' Iml tlu' \ory linesl mines lluit con-

tains 80 per cent of fixed carlion. .As a s^eneral rnle,

it is impossible to comply with these re(|uirements as

stated. The maximum, namely of "5 per cent, is

too high for ])ca and buckwheat coal and 70 per cent

would be more reasonable in the light of experience

and could be more strictly enforced. The carbon con-

tained in bone (which is only a very poor coal) and

the mineral matter contained in the slate are included

in the requirements for fixed carbon and ash and

therefore, take care of themselves. Bone, whether

containing much or little carbon is always included in

the determination of the ash and fixed carbon made

for the whole sample: if the bone is picked out and

analyzed separately, it would leave the remainder of

the coal richer in carbon and better than the whole

sample.

The standardized specifications required that the

coal delivered should conform to the following re-

quirements.

Standard Analyses—Anthracite Coal.—The tjual-

ity of coal of tse different sizes contracted for shall

conform to, or be superior to the coal described in the

following- standard analyses applying to such sizes :

Z S 2 g g gn V ocrcj c — tj " — cry ^'v c" sj "Co*—-
S3 =^2. .5^2. :? = ^2. .3g-s-g. i^2.

Broken 4 11 8 l4 13,200

Egg 4 11 8 1% 13,200

Stove 4 12 8 1% 13,000

Nut 4 12 8 1% 13,000

Pea 5 16 8 1% 12,300

Buckwheat

—

No. 1 ti 17 8 1% 12,200

No. 2 (i 18 8 iy2 12,100

No. 3 6 18 8 iy2 12,000

These requirements are very high and their effi-

ciency is entirely nullified by a provision for an ag-

gregate deduction in gross tonnage as follows : "After

the corrections for excess moisture shall have been

made as herein specified, all percentage in deductions

as above described to be made on account of a defi-

cient number of British thermal units per pound,

and an excess percentage of ash, volatile sulphur, and

volatile combustible matter will be aggregated and

totalized, and will be deducted as a whole, and pay-

ment will be made only for the balance of the gross

tonnage at the price bid per gross ton furnished, de-

livered and stored and trimmed." That is to say, that

after specifying the requirements of a very high grade

of coal it is made possible to deliver any kind of coal

that could be purchased.

I propose to demonstrate the truth of this state-

ment by a series of tables which have been com-

piled from the results of the analyses of 100 samples

of coal analyzed at the laboratory of the Department

of Finance. These results are tabulated first, in

extenso in Table I.

T.\BU; [.

—
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The results obtained by ihc calorimeter simply con- SYNTHETIC CAOUTCHOUC: A REVIEW
t^rm the results obtained by the determination of the COMPILED FROM THE LITERATURE/^^

fixed carbon and ash, addin"' nothinir to these results. ^ .„„„„,„ ,

^ . .
, , • „ . . 1 . r By FRANK E. BARROWS.f

In the table of loo specimens there are a total of 64

samples of pea coal, among these 64 samples every
j^ ^^^^^. |,^ ^^.^,,] .^j j,^^, ^^^^^^^ ^^ jgt^„e ,,,l,jit i^ ,„^.,^nt

grade of pea coal on the market, from the best to one ^^. -Synthetic Rubber" or "Synthetic Caoutchouc."
so poor that it will scarcely answer for steam pur-

j^^^ India-Rubber lournal, Vol. 34 (197), p. 519, de-

poses, may be found. They were delivered all over
^^^^^ -^ ^^ ^ substance "built up by chemical means,

Greater New York and the testimony of the engineers, * ^. ,= ^^^ possessing all the physical and chemical
as to the efficiency of these samples was repeatedly

properties of natural rubber." If we consider, how-
confirmed by the results ot the analyses.

^^^^^ ^j^^ molecule of the natural rubber hydrocarbon
The difference between good and poor coal does

^^^ ^^^^.-^^^ ^^ empirical formula C,,li,„ it will be neces-

not correspond in efficiency to the direct difference
^^^^ ^^ ^^^^j;^^, ^j^i^ definition somewhat to include

obtained by deductions and corrections under these
^^^^^^ products' having all the physical properties of

new specifications. The difference between a coal
^^^^^^^.^^ ^^,,^,.^^. ^^^^ ^^j^^^^ chemical properties. <nv-

which IS nearly worthless and which really will not
^^^^ ^^ variations in empirical or structural formulae,

pay for carting about the city, yielding on combustion
^^^^^. ^^ ^^j^|^^^ identical with, or analogous to, those of

in the calorimeter between 10.000 and 11,000 B. T.
^1,^ ^^j^^-al caoutchouc. The existence of the so-called

U.-s, and a coal containing so little impurity, that it
i^^mologous caoutchoucs, probablv differing in em-

will yield in the calorimeter from 1^,000 to 14,000 B. , r , r .,,.,,. „:„^„ ^u^,,^ „m1i k^ 1,,.,.,.
•'

. . . . pineal formulae from that given above, wilt be lieie-

T. U.'s, does not represent, m efficiency, the difference
.^^^^^^^^, ^^^^^^^^, ^^ ,^^^^^ ^^ j^^g^,^

between 10/14 and 14/14. but represents more nearly
^vnthetic rubber, then, is the product of a chemical

75 per cent of the total efficiency obtained on the com-
^^^_^-^^^ ^^ distinguished from the natural product

bu,st.on of the pure coal.
^^.,^.^,,^ .^ ^^,^^^j_^^^, ^^^^^^^ j,^^ ,,^j^,^ ^f rubber-producing

So far as I know, no attempt has been made to , , u- t ^^-t:^- i,^,,^,,^^,- ti,,.^
. plants. In composition and properties, howevei, tlie

determine exactly what these deductions should be, . . , __ , -a^^^a tu^ --,„,„ ., .„
synthetic product may be considered the same as, or

but they are in practical use proved to be more nearly '
• , , , ,1 ' • r 11 „ u,..i,--.,^^i,^„-^ ' . ' •

, •
' equivalent to, the pure mdia-rubber hydrocarbon.

represented by geometrical than arithmetical ratio; „, ,. ,•,•,. .1 1 „^u^t;~ ,-,,i,Ko.-,^, ,.•''= „ . ,., ., The distinction between the real synthetic rubber,
hence the disastrous effects witnessed in the practical

, , ,, , , ,- • 1 1, „„j ,.„uk<.^ cKct;
, , , , , ,

and the so-called artificial rubbers and rubber substi-
use of the poor for good coal and proved by the prac- , , , , , ^ , ,

• •„ , ti,„,^ ua^,-
Y , . . ,K . ^ ^ tutes should be kept clearly in mind, these laltei,

tical experience on the municipal ferries. ... . . ' , „,, 1 ^,.„<^i,„f:„ ,.„i,

.„ ^ , .,..,,. ,
, , , , wluch are sometimes improperly called synthetic rub-

A still further striking illustration of the lack of
, ,, r li 1 1 -i,^..o-f^,-

. , .'^ .
. , ^ ^ ^, . bers. generally possess some of the physical charactei-

practical value in the determination of B. I. U. is . . ,
'

1 11 1 ^ *. 1 „ „,„-.f<=i,-
'

,
, , . , ,

. , , ,
istics of natural rubber, but may not be even remotely

offered by the specimen numbered in the table, loi.
, ,

• , 1, t-i
'

• ,. „ui,.,r „f
.

-^ ^
, „ , . , ,

related to it chemically. They may consist either of
Alv assistant one day was called m haste to the , ' r ^

'

1 uu^^ f-„„fv,«.,--
. ,, ; ,^ , ,,. TT a greater or less percentage of natural rubber together

American Museum of Natural History. He came ?, . ,,„ j j-i . ^i „^,v+
, , . , , , ,,,,,-, with various fillers and diluents, or thev mav consist
back with a sample that was called coal, which rep- .,,..,..

^ J J 1- ^ .1 -VT nn -r^ I j:
entirely of vulcanized oils or gums.

resented a delivery to the Museum. When sifted tor ^ / , j. . . , 1 ^,.,,,,,,,. It IS the purpose of the present article to revie\\

,

sizes, this sample yielded the following: . " "
, ^ , ^, ,., . 1 • u 1,^^ ,„,

' -
T, , more or less completely, the literature which has up
Percent. r j'

Retained on % in. mesh sieve (Nn. 1 buckwheat ) 27.^! to the present time appeared on the subject ot syn-

Retahied on % in. mesh sieve 58.9
^j^^^;,, rubber, its formation and constitution.

Retained on l/Ui in. mesh sieve 4 . . .

Passed l/Ki in. mesh sieve !).:? It has long been known that an intimate relationsmp

The material smaller than No. 2 buckwheat was exists between isoprene and caoutchouc, isoprene be-

66.6 per cent of the whole and this consisted largely j^ig one of the products of the destructive distillation

of pulverized coal, while it yielded to the calorimeter Qf caoutchouc, and being itself capable, under suitable

11.792 of B. T. U. and it contained only 14.45 per conditions, of being again converted into caoutchouc

cent of ash and yielded 78.64 per cent of fixed carbon,
i^y polymerisation. Many experimenters have ob-

it was still so finely divided that it would not burn served these phenomena. It is therefore natural that

and steam could not be maintained with it. These j^g term "synthetic rubber" should first suggest the

figures representing the approximate analysis of the product made from isoprene. .\ discussion of this

coal, indicate a good coal. The material was really h\drocarbon. and of the caoutchouc made from it, will.

the sweepings of a coal shed or a barge and was therefore, first be "iven.

not No. 2 buckwheat coal at all. Yet some one, who Isoprene, as is well known, has the structural form-

claimed to represent the firm who delivered the coal,
^,1^^ CH., :C (CH,). CH :CHo. corresponding to the em-

came to my office and declared that inasmuch as the pjrical formula C.-.H^. It is a member of the diolefin

coal yielded 11.792 B. T. U.'s. the city had got to series of hydrocarbons, containing two double bonds,

accept it and use it. In this case neither the proxi-
^^^^ jg chemically beta-methyldivinyl. or 2. methyl-1.3-

mate analysis nor the calorimeter, or both combined,
1 1' , ii . 1 , -. -If •From The Armour Engineer. , . , ,, ^

ensured that the city got what it paid tor. tAssistant Examiner, U. S. Patent Office. -W iislungtoii, 1>. C.
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butadien. It was first identified and studied b\ Wil-

liams in i860 (J. Chem. Soc, 1862, \'ol. X\', p. iio).

who isolated it from among the products of the de-

structive distillation of caoutchouc. Mention of its

polymerisation was also first made by \\'illiams at this

time. He observed that when isoprene was left stand-

ing for some months it absorbed oxygen from the air,

became viscid, and acquired powerful bleaching prop-

erties. When this product was carefully distilled, un-

changed isoprene first passed over, the temperature

suddenly rose with evolution of ozone, and the con-

tents of the retort solidified to a ])ure white, spongv

elastic mass having but slight tendency to adhere to

the fingers. \Mien burnt it gave the characteristic

odor of caoutchouc. The composition of the oxidized

product ( apparently before removal of the ozone from

it), was found, on careful analysis, to be C-H^C ).

The ne.xt recorded polymerisation of isoprene was

in 1879 when Bouchardat .studied the action of the

haloid acids on it. ( Comptes rendus. 89, 1117-11201.

When dr\' hydrogen chloride gas was slowly passed

into isoprene at 0°, it was slowly absorbed and from

the resulting product there was obtained some of the

unchanged hydrocarbon and a large amount of the

monochlorh\-drate of isoprene, C-HsCl, boiling at 86-

91°. Under these conditions (3 hrs. action) the for-

mation of a substance of higher boiling point was

not observed.

On the other hand, when saturated hydrochloric

acid at o"^ acted on isoprene for 15-20 hours in a sealed

tube with occasional agitation, and the resulting prod-

uct was distilled, a solid residue, in appreciable

amount, remained behind.

This solid residue persistently retained about one

per cent of chlorine, its analysis otherwise giving tiie

same percentage composition as isoprene. ( C= 87. i :

H=ii.7: Cl=i.7). It possessed the elastic, and

other characteristics of caoutchouc : it was insoluble

in alcohol, swelled in ether, and dissolved in carbon

bisulfid in the same manner as natural caoutchouc.

\Mien submitted to dry distillation it gave the same

volatile hydrocarbons that caoutchouc gives. All these

properties seem to identify this isoprene polymer with

the parent material of the isoprene itself, caoutchouc.

It should be observed, however, that in the above

reaction in which the caoutchouc was obtained, the

principal products of the reaction were the mono- and

di-chlorhydrates, while the caoutchouc was merelx' a

by-product, constituting not over one-sixth of the re-

sulting product.

Hydrobromic acid, in saturated solution, was found

to act in the same way as hydrochloric : it formed the

elastic polymer which retained not over two per cent

of bromine.

Fuming hydriodic acid acted very violently on

isoprene. The elastic polymer was apjiarently formed,

but not isolated.

Tilden, in 1882 (Chem. Xews, \'ol, 46, p, 120), first

reported the formation of isoprene by the depolvmer-

isation of turpentine, the turpentine vapors being

passed through an iron tube heated to redness. Only

20 c.c. of the isoprene fraction, however, were ob-

tained by this process from a liter of turpentine. The
isoprene thus obtained was found to act in the same

way as the isoprene from caoutchouc, and gave a

tough substance closely resembling caoutchouc when
acted on by concentrated hydrochloric acid. The con-

version of isoprene to caoutchouc by nitrus}l-chlorid

is also reported by Tilden in this article.

.Again in 1884 (Trans. Chem. Soc, 1884, j). 410 J.

Tilden reported his further study of the products ob-

tained by the decomposition of turpentine vapors by

heat. .\s in the former e.xperiments a small amount of

isoprene was obtained ( 200 c.c. isoprene from 4 liters

turpentine). The turpentine vapors were passed

through an iron tube heated to the lowest possible red-

ness just visible in a darkened room. Benzene, toluene,

m-.xylene, cymene. and terpilene were among the other

products identified. About 15 per cent of the product

boiled above 200*^, and was not further studied. Xearly

30 per cent of the ])roduct was lost in the form of gas.

If the iron tube in these experiments was heated to

visible redness or to a higher temperature isoprene

was no longer found in the products formed. It does

not appear that a yield of as high as 10 per cent of

isoprene was ever obtained by this process ( Tilden.

India-Rubber Jour., 36 ( 1908). \>. '^22). This isoprene.

as in the case of the preceding ex]ieriments. was con-

verted into caoutchouc by polymerization, contact with

strong acids in the cold effecting the change.

In 1885 \\'allach ( .\nnalen der Chemie. 238. p. 88).

found that isoprene. when it remained placed in the

light for a long time, polymerised, and on adding al-

cohol to the resulting product there separated out a

caoutchouc-like mass which hardened on exposure to

the air.

-\pparently unaware of \^ allach's experiments Til-

den in 1892 (Chem, Xews, \o\. 3. p. 265) reported a

similar observation of the spontaneous polymerisation

of isoprene in the following language

:

"T was surprised a few weeks ago at finding the con-

tents of J:he bottles containing isoprene from turpen-

tine entirely changed in appearance. In place of a

limpid, colorless liquid the bottle contained a dense

syrup, in which was floating several large masses of

solid of a yellowish color. Upon examination this

turne<l out to be india-rubber. The change of isoprene

liy spontaneous polymerisation has not to my knuwl-

edge been observed. I can only account for it by the

hy]jothesis that a small (|uantity of formic or acetic

acid had been produced by the oxidizing action of the

air, and that the presence of this compound had been

the means of transforming the rest. The liquid was

acid to test paper, and \ielded a small portion of un-

changed isoprene.

"The artificial india-rubber, like natural rubber, ap-

pears to consist of two substances, one of which is

more soluble in benzene or in carbon bisulfid than the
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ullicr. A st)lutioii of ihc arlilicial rubber in benzine

leaves on cvajwration a resiiliie which agrees in all

charaeters with a similar preparation from I'ara rub-

ber. The artilicial rubber unites with sulphur in the

same manner as ordinary rubber, forming a tough

elastic compound."

Tilden's observations of the spontaneous polymer-

ization of isoprene were later confirmed by \\'eber

(Jour. .'^oc. ("hem. Ind., 1894, Vol. 13, j). 11). From
300 gnis. of isoprene Weber obtained, after nine

months' standing, and by treatment of the resulting

viscid, treacly mass with alcohol, a solid spongy sub-

stance of almost w'hite color, which on drying became

a light brown and was in all respects identical with

india-rubber. The weight of india-rubber thus ob-

tained was 211 gms. The principal by-products were

dipentene and polyterpenes,—products of very little

value.

Again in 1906 (Chem. News. 94, p. 90) Tilden re-

ports that the spontaneous polymerization of isoprene

to caoutchouc takes place slowly, requiring several

years. He further states that if any attempt be made

to hasten the operation, as by heat or contact with

strong reagents, the greater part of the hydrocarbon

is converted into dipentene. and a mixture of viscid

compounds of high boiling points known as colophene,

—the same priiiluct as results from the polymerization

of the terpenes.

To the same etifect is a further communication from

Tilden in the India-Rubber Journal. Vol. 36 (1908),

pp. 321-2. A review is here given of his prior experi-

ments to date, together with a letter from which the

following is excerpted,

—

"The conversion of isoprene into rubber occurs, so

far as observed, under two conditions, (i) When
brought into contact with strong aqueous hydrochloric

acid or moist hydrogen chlorid gas; (2) By spontane-

ous polymerization.

"In the former case the amount of ruliber produced

is small, and it is only a by-product attending the

formation of the isoprene hydrochlorids, which are

both liquid. In the latter case the process occupies

several years.

"Of course many attempts were made by me to

hasten the process, but it was found that contact with

any strong reagent, such as oil of vitriol, pentachlorid

of phosphorus, and others of milder character, led

only to the production of the sticky 'colophene,' sim-

ilar to the substance which results from the polymeri-

zation of the terpenes, and after a course of experi-

ments which were carried on for about two years. I

was reluctantly obliged to abandon the subject."

A more recent process for the production of caout-

chouc from isoprene is that of Harries, India-Rubber

Journal, May 16, 1910, pp. 630-1. This process, to-

gether with the route which led to its discovery, is

described as follows

:

"I have shown you that the insoluble caoutchouc

can be converted into the soluble form by boiling with

glacial acetic acid. So I came to the conclusion that

an equilibrium occurred, for w hilst caoutchouc is truly

depolymerized by acetic acid, then, however, it is

equally reconverted into rubber. From this point of

view I likewise heated isoprene with glacial acetic

acid, and as it is very volatile I employed a closed

tube. I now observed that rather over 100° C. a prod-

uct separates which is actually rubber. It was notice-

able that pure synthetic isoprene is polymerized more

readily than natural isoprene from rubber. Later I

found yet other methods. If the conditions, however,

are not strictly adhered to, all sorts of thick greasy

oils, resins and gums are obtained, which are not rub-

lier. '" * ''' The artificial rublier is quite as tough

and elastic as the natural product, and of a light

brown to a white color."

The ozonide and nitrosite formed from this syn-

thetic rubber also corresponded with those from nat-

ural rubber.

Another report of the spontaneous polymerization

of isoprene to caoutchouc was made by Pickles in 1910

(Trans. Chem. Soc, June, 1910, pp. 1086-7), t'''s poly-

merization having been effected by standing, for the

greater part of the time in the dark, for three and a

half years. .\11 the numerous tests applied to the

product thus obtained, and separated from the viscous

polymerized mass by alcohol, identified it as the same

in composition and properties as natural caoutchouc.

Lebedef¥, in a still more recent article, to be herein-

after referred to more at length, has obtained the

caoutchouc polymer from i.soprene by heating in a

closed vessel at 150° for several days.

Turning now from the periodical literature to the

])ateiit literature, we find that the first patent for syn-

thetic rubber was the Br. patent to St. George, 15,

544, of 1892. According to this patent turpentine va-

pors are passed through a heated tube and condensed

by a spray of hydrochloric acid ; or the vapors are

condensed and then agitated with hydrochloric acid

to give the solid caoutchouc. In the light of Tilden's

experiments it is probable that isoprene was formed

in this process as an intermediate product.

The Heinemann patents. Br. 21,// 2 of 1907, and

French 394,795, describe the condensation of isoprene

to caoutchouc by concentrated hydrochloric acid. Ac-

cording to these patents acetylene and ethylene, when
passed through a heated tube, give divinyl, which is

converted into methyl divinyl or isoprene by treatment

with methyl chlorid ; or the three gases may be passed

through the tube together to effect the same result.

A still more recent patent for the production of

caoutchouc from isoprene is the French patent 417,170,

to the Badische Anilin & Sodafabrik. according to

which isoprene is heated either alone for 20 hours at

120°, or with 10 per cent of its weight of cone, caustic

soda at 100°. The caoutchouc is separated by precipi-

tation with alcohol, or by steam distillation of the un-

changed isoprene.

The hydrocarbon, next to isoprene in ]X)int of inter-
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est in connection with synthetic rubber, is diisopro-

penyl, or the 2.3-dimethvl-i.3-butadien, CH^, rClCH,).

C(CH3):CH,.
Couturier in 1892 ( Annales de Chimie, 6 Ser., \"ol.

26. p. 489) described this hydrocarbon in the follow-

ing language, the hydrocarbon having been obtained

in small amount by the dehydration of pinacone.

"Beta-bipropenyl polymerizes with extreme ease.

-'- * * This properly renders all reactions with this

hydrocarbon difficult. The polymerization is effected

b\- heat alone, and the licjuid is transformed into a

viscous product which does not distill. Chloride of

calcium acts even without heating, when left for a

long time in contact with the hydrocarbon."

With sulphuric acid Couturier obtained resinous

polymers.

The preceding brief description is valuable as in-

dicating the peculiar properties of the h\'drocarbon.

Uf even more interest, however, are the two articles

by Kondakoff in Journal fur praktische Chemie. 62

(1900), p. 175, and 64 (1901), p. 109.

The first of these articles describes the heating of

the hydrocarbon with alcoholic potassium hydroxide

(i:KOH, 3 :EtOH ) to 150° for 5 hour.s. A part of

the hydrocarbon remained unchanged ; a part was

polymerized to a white leathery elastic mass, insoluble

in water, but soluble in hydrocarbons, ether and al-

cohol, and which did not distill with steam. The sim-

ilarity of this product to caoutchouc was noted.

Again in the second article Kondakoff records a

similar polymerization of this same hydrocarbon, by

letting it stand in a closed bottle in diffused light for

about a year. The hydrocarbon in this case was com-

pletely converted into a solid white spongy mass.

L'nder the microscope this mass appeared amorphous

:

it was tasteless and odorless and as elastic as caout-

chouc. It did not appear to undergo change in the

air and was entirely in.soluble in benzine, ligroin,

chloroform, carlion bisulfid, ether, alcohol, acetone

and oil of turjientine, swelling only in benzine. The

author observed that this polymer appeared to be a

higher product of polymerization than the one referred

to in the preceding article.

The polymerization of this same hydrocarbon into

its caoutchouc-like polymer has also been effected by

heating for several days under pressure. An account

of such polymerization is reported by Lebedeif' in the

article referred to below.

The most recent publications on the polymerizations

of this hydrocarbon { diisopropenyl ) are the Br. pat-

ent 14,281 of 1910, and the French patent 417,768

(See the India-Rubbcr Join-., Feb. 4, 1911, p. 14, and

Gummi Ztg., F'eb. 10, 1911, p. 702, respectively), to

the Badische Anilin & Sodafabrik, according to which

the hydrocarbon is polymerized by heating, either

alone or with the addition of such indifferent agents

as water, a solution of common salt, or alcoholic caus-

tic potash, .\fter the polymerization any unchanged

hydrocarbon is distilled off with steam. The product

is a white elastic substance, soluble in benzine, from

which it is precipitated, unchanged, by alcohol and it

posseses the typical properties of caoutchouc.

Closely related to isoprene and to diisopropenyl,

lieing in fact the mother substance of them, is

erythrene, or divinyl. the 1.3-butadien, CHoiCH.CH:
CHo. British patent 15,254 of 1909 (Gummi Ztg.,

Nov. 18, 1910, p. 261 ) to the Farbenfabriken vorm.

Fr. Bayer & Co. of Elberfeld describes the polymer-

ization of this hydrocarbon to caoutchouc, the conver-

sion being effected by heating under pressure either

alone or with the addition of a reagent which assists

in tlie polymerization. Lebedeff has also studied this

hydrocarbon and its caoutchouc polymer, the polymer-

izatinn having been effected in a similar manner, by

heating at 150" in a sealed tube for several days. The
polymerization of this hydrocarbon is also briefly re-

ferred to in Chemiker Ztg., Feb. 7, 191 1, p. 63, and

it is here observed that the polymerization takes place

nnich nil >re readily with this hydrocarbon than with

isoprene.

Another hydrocarbon belonging to the same group

as the preceding, and closely related to isoprene (beta-

niethyldivinyl ) is piperylene or the alpha-methyldi-

vinyl, CH,.CH:CH.CH:CH,. Thiele (Annalen der

Chemie. 319 ( 1901 ). p. 22/. has found that this hydro-

carbon also, after several months standing in the dark,

gives "a very small amount of a rubber-like (gum-

miartigen) substance, probably a polymerization prod-

uct." Most of the hydrocarbon in this experiment,

however, remained with its boiling point unchanged.

The intimate relation to each other of the four

hydrocarbons which have been described, and from

which synthetic caoutchouc has been obtained, will be

much clearer from a comparison of their structural

formulae,

—

CH. CH„ CH-CH,, CH,

II II II II

CH C-CH, CH C-CH,

CH
11

CH,
Erythrene,
divinyl, or
1.3-biitadien.

CH

CH.,

CH

CH..

C-CH3

II

CH„
Isoprene,
2-methyl-
divinvl. or

2-mpthyl-l.::'.
l3Utadien.

Piperylene. Diisopropenyl.
1-metliyl- 2.3-dimethyl-
divin>i, or divinyl. or

1 -methyl- 1.3- 2.3-dimentliyI-
butadien. 1.3-butadien.

It will be seen that all four of these hydrocarbons

belong to the divinyl series, containing the following

common nucleus, C :C.C :C. and having respectively the

empirical formulae C^H,,. C-H^, C^H^. and CgHi,,. It

is known that the caoutchouc from isoprene has the

same percentage composition, and hence empirical

formula, as natural caoutchouc, viz.: (CioHi,.)n. It

should follow-, since the formation of synthetic caout-

chouc is by a polymerization reaction, that the caout-

choucs from erythrene, piperylene, and diisopropenyl

should also have the same empirical formulae as the

hydrocarbons from which derived, or (CsHj„)n.

(Ci„H, ,.,)„, and (Ci2H2„)n, respectively. Such formu-
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lac arc also iiulicalcil by tbc iizmiides referred to be-

low.

A valuable contribution to ilie literature on the sub-

ject of these diethylenic hydrocarlxnis ( containing the

nucleus C ;L'.C :C" ) is an article by Lebedet^" dealing

with their autopolymerization found in the Journal uf

the Russian riiysical-Chemical Society, 1910. \'ol. 42,

Xo. (), p. i)4i). According to this article,

—

"The ]iolynierization of these hydrocarbons takes

place in such a typical manner that it may be consid-

ered a general characteristic of the whole group. The

rapidity of the process, sometimes exceedingly slow

at normal temperatures, increases very rapidly with

rising temperature."

The polymerization of the three hydrocarbons, ery-

threne, isojirene. and diisopropenyl was investigated

in detail by Lebedeff, a caoutchouc polymer being ob-

tained from each. The polymerization was effected by

heating in a sealed tube at 150". the process requiring

() to 7 days for its completion in the case of erythrene.

and 8 to 10 days in the case of isoprene and diiso-

propenyl. Ozonides were formed from each of these

polymers, the ozonides derived from the erythrene,

isoprene and diisopropenyl polymers having the for-

mulae CsH,.X~),;, C,„H,,,0,;, and C,.H,„(),;. and yielding

on decomposition with water succinic aldehyde, lac-

vulinic aldehyde, and acetonylaceton respecti\'el\-. To
these ozonides. therefore, the following structural

formulae were assigned,

—

;cH
HC

I
*

I

ch:

I

CH,
I

*

^
CH-C

^
I

I

C-Crt.

CHT

I. HE.

The ozonide reactions of caoutchouc are particu-

larly valuable because of the light they throw on the

constitution of the caoutchouc molecule.

Two theories as to the constitution of this molecule

have thus far been proposed. In view of the impor-

tance of the subject to which they relate it is desirable

to examine these theories in detail. The hrst is the

cycl(X)ctadiene theory of Harries : the other is that

proposed as an alternative by Pickles before the Brit-

ish Association last }ear. The former theory is given

in two articles appearing in Xo. 36 of the Gummi
•Ztg.. March. 1910, and Chemiker Ztg.. iQio, March

26, p. 815. and translated into the India-Rubber Jour-

nals of June 13. IQIO, p. '/'/2. and May 16, 1910. p.

630, respectively. The following is excerpted from

the first of these articles,

—

"As I will subsecjuently show, rubber is to be re-

garded as a polymerization product of a hydrocarbon

(C]„H,,, ) with a ring-like arrangement of eight car-

bon atoms. It might be assumed that by suitably

strong depolymerization treatment it would be pos-

sible to reduce the rubber to such a hydrocarbon. I

have found that depolymerization can, in fact, be ef-

fected, especially by long boiling of the rubber in

toluol or zvlol. However, the actual product which

should be first produced, according to my theory, is

not obtained, probably on account of its instability, but

in its place allied compounds, such as dipentene and

other hydrocarbons resembling turpentine. The fact,

how-ever, that rubber is depolymerized by protracted

boiling in solvents of high boiling points is of impor-

tance for the question of the determination of its con-

stitution. Regarding its molecular weight we know

nothing definite : the experiments undertaken lately by

Ilenrichsen cannot be regarded as decisive."

Caoutchouc is a hydrocarbon of the empirical for-

mula Ci(,Hjo, it is optically inactive, and has therefore

no asymmetrical carbon atom. l!y bromination it takes

\\\> four atoms of bromine and accordingly possesses

two ethylene linkings. Dissolved in chloroform and

treated with ozone two molecules of ozone are added

:

and being readily soluble the formula of this so-called

diozonide can be determined; it is Ci„H,,;0,;. At the

same time the ozone treatment causes a depolymeriza-

tion of the high rubber molecule. ( )n boiling this

diozonide with water it decomposes into laevulinic

aldehvde, laevulinic acid, and a crystalline body which

1 have named laevulinic aldehyde diperoxide.

C,,H„A= CH3.CO .CH,.CH,.CHO
CH.,.CO .CH,.CH.,.COOH

and CH,.CO„.CH„.CH,.CHO,

"From this it would appear that caoutchouc ozonide

must contain an eight carbon ring, for the ozone is

situated at the ethylene linkings, and in splitting up,

division of the molecule occurs at the positions where

the ozone has entered, with the formation of com-

poiuids, aldehydes, or acids, containing oxygen. We
come then to the following graiihic formulae

:

or ^cc^^^
;^c-

I

K,C
^1

\.

^C

o=c;
Xrt,

KjC Oiperox I'di* C H^

-^-^
I

Latfvuli'rMc
c^h; ald^hycl^..

and the hydrocarbon which forms the basis of the

caoutchouc molecule, and by the polymerization of

which the same is produced

;

CH3

|:S- dirn«+hylcycloocTadiene (1. 5)

Before I showed that in all ])rol)al)ility the eight
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carbon ring occurs in caoutchouc, this carbon com
tination had not been discovered in nature. Shortl

afterwards Willstaetter found an alkaloid in the root

of the pomegranate, having likewise an eight carbon!]

ring combination, and eventually he built up therefrom^
the lower homologue. which forms the basis of rub-

"*

ber chemistry. From this hydrocarbon, cyclo-octa-

diene, I have proved that the two ethylene linkings are

situated in i :5 position as caoutchouc, for it yields in

the splitting up with ozone, succinic aldehyde.

)t<f c c c

nr.

/

HC=0

o=cH

S»-'CC.inic aldeKyde.

(Jn heating to 70' C. this cyclo-octadiene is poly-

merized, and under sjiecial conditions I obtained there-

from a product extraordinarily similar to rub-

ber. * * *

All attempts to extract the two molecules of ozone

from caoutchouc by suitable reduction, and even to

regenerate the hydrocarbon, have hitherto failed : its

synthesis also has not been accomplished."

Again in the India-Rubber Journal of ^lay 16, 1910,

in discussing the formation of caoutchouc from iso-

prene.

—

"In seeking to discover how the reaction occurs in

the polymerization, the conclusion is reached that

isoprene first changes into dimethylcyclooctadiene,

with condensation at the carbon atoms in i 14 position,

as in all addition reactions, results from bodies with

conjugated double linkings.

XH,

- ĉm
\

cw:. ch:
.>

- (^^,o^J«

"The condensation must take place in this waA' be-

cause on oxidation with ozone laevulinic aldehyde is

formed."

.\ conclusion similar to that reached by Harries is

also reached by Lebedeff in his article above referred

to. This article, however, discusses the polymeriza-

tion of the whole class of diethylenic (C:C.C:C) hv-

drocarbons, and from a broader aspect. A further

discussion of this article bearing both directly and

indirectly on the constitution of rubber will therefore

be given. Quoting further from this article

:

"A closer examination of the products of polymer-

ization, which consist of dimers and polymers of the

diethylenic hydrocarbons, shows that we have to do

with two parallel processes :

t
dimer C

C-C=C-Q

c-c=c-c

polyi\y\etr
C

I
^

"The first process leads to the formation of a six-

membered ring with two double bonds, one in the ring,

and the other in the side chain. The second process

leads to the formation of an eight-membered ring with

two double bonds, closely related to

-C
I

-c—c= c-
I

c—c= c—c.

"From a consideration of the above proposed system

it is obvious that a symmetrically arranged molecule

can give rise to only one dimer with a six-membered

ring. Such are divinyl and diisopropenyl. As a

matter of fact, the dimers of divinyl and diisopropenyl

consist of only one hydrocarbon. * * * An unsym-

metrically arranged molecule may give rise to four

dimers. In the case of isoprene two such dimers have

been observed : the other two it has not been possible

to identify. Those observed are dipentene and a

hydrocarbon of boiling point 160-161° at 760 mm."
LebedefFs experiments with erythene, isoprene and

diisopropenyl and the ozonides obtained from them

have already been referred to above. In discussing

the ozonide from the isoprene polymer it is further

observed,

—

"The system of polymerization proposed by me
foresees the possibility of the formation of another

isomeric ozonide

"W hether this isomer is formed is not yet clear."

The non-existence, or the existence if at all, only in

very small amounts, of such an isomeric ozonide would

seem to indicate strongly that the unsymmetrical posi-

tion of the meth}l group in the isoprene molecule ex-

erts a marked influence on its polvmerization. This

lack of symmetry in hydrocarbons such as isoprene is

indeed mentioned by Lebedeff as one of the factors

influencing the polymerization reactions of these hydro-

carbons. It was found by him that the polymerization

by light is much slower in the case of isoprene than in

the case of diisopropenyl. It is also interesting to

observe in this connection that divinyl has similarly

been found to polymerize much more readily than iso-

prene (Chem. Ztg., above).

The conditions under which the polymerization is
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effected are also mentioned by Lebedcff as iniluencnig

the polymerization reaction. Low temperatures favor

the formation of the polymer: sunlight seems to act in

the same way. Increasing the temperature facilitates

the reaction hut favors the formation of a larger

amount of dimcr. The reactions appear to be equili-

brium reactions but the equilibrium exhibits some

pccidiar characteristics.

The dimer and polymer are not mutually convertible

the one into the other, and the relative amounts of

dimer and ])olymer remain practically constant during

the reaction if the temperature and other conditions

of reaction remain constant. This result is to be

expected from the nature of the two products. The
conversion of the monomer into the dimer and polymer

will also go to completion if allowed to do so, all the

monomer disappearing. It is interesting to observe

that the amount of dimer formed from isoprene was

larger than from the symmetrical diisopropenyl.

Returning now again to the subject of the constitu-

tion of rubber, and taking it up from another direction,

it is desired to call attention to the following conclu-

sions which were drawn by Pickles after a thorough

discussion and consideration of the products of the

pyrogenic decomposition of rubber (address before

the British Assn., 1906, Reports, p. 247).

"(i) The rubber hydrocarbon is closely related to

the terpenes, and any formula expressing its constitu-

tion must also be explanatory of the easy transition of

this hydrocarbon into isoprene and dipentene.

"(2) The existence of the complex C—C—C—

C

CH,

must be assumed in the rubber molecule, as it occurs

in all the examined decomposition products.

"(3) Isoprene and dipentene do not occur in the

rubber molecule as such, but are produced by the dis-

ruption of a larger or more physically complex mole-

cule at a high temperature, for, as Fisher and Harries

have shown, if the distillation is conducted at as low

a temperature as possible, these compounds are not

produced in any considerable quantity."

Turning now to the theory which Pickles has sug-

gested as an alternative to that of Harries, and which

was published for the first time last year, the fallowing

is found,

—

"Since Harries has shown that laevulinic aldehyde,

laevulinic aldehyde peroxide, and laevulinic acid are

the only oxidation products of caoutchouc, the poly-

merization of isoprene into rubber must be accom-

panied by a rearrangement of the double bonds,

CH, iCMe.CH :CH, » .CH,.CMe :CH.CH,.

as on no other assumption is the formation of laevu-

linic aldehyde possible.

"As is well known, this re-arrangement takes place

in many cases where substances possessing conjugated

ethylenic linkings enter into chemical combination. It

is suggested that these unsaturated L\U^ nuclei unite

to form long chains of the structure :

CH..CMe;CH.CH=.CH,.CMe;CH.CH,.CH,.CMe:ClI.CH..

and that the number of C^H^ complexes may vary in

different kinds of rubber, the difference in properties

being probably due to this variation in the number of

complexes contained. The oxidation results require

that the two ends of the chain should be linked to-

gether, which, of course, leads to the formation of a

ring, but it is proposed that in each rubber molecule

there is only one such ring. Rubber probably con-

tains at least eight C^Hs complexes connected as above

indicated.

"This suggestion is put forward as an alternative to

Professor Harries' cyclooctadiene formula, which is

to a certain extent unsatisfactory, as its arrangement

demands the employment of vague and unnecessary

conceptions of polymerization. * * *

"For this view of the composition of caoutchouc the

assumption is necessary that the polymerization is

either purelv physical or that the connection between

the individual chemical molecules is of so loose a

nature as to follow the ozone first to depolymerize the

aggregate before it attaches itself to the individual

molecides. The necessity for this rather vague and

unsatisfactory assumption results from the acceptance

of the dimethylcyclooctadiene formula, for if the

])olymerization were chemical in character, the poly-

meride formed would be relatively less unsaturated

than the CioH^ nucleus. This, however, is not the

case, for rubber contains one ethylenic linkage for

every C-FIs complex. Moreover, there are several

facts which are not satisfactorily explained by Harries'

formula. Since ozone eff'ects depolynierization, it is

to be expected that other substances which tend to

saturate the compound would likewise have a similar

primary influence. Bromine should, therefore, first

depolymerize the colloidal molecule, and then form

simple molecules having the formula CjuCjuBr^. But

the properties of the bromoderivative of caoutchouc,

and its general behavior indicate a composition prob-

ably as complex as that of caoutchouc itself."

Pickles further observes that nitrous gases act in a

manner similar to bromine, giving a derivative of

relatively high molecular weight. Reference is also

made by him to Berthelot's experiments in wdiich on

reducing caoutchouc by heating to a high temperature

with hydriodic acid hydrocarbons of the paraffine

series were obtained of a boiling point much higher

than would correspond to bodies of the formula

C,„H,„.

The above theory suggested by Pickles is not as a

whole entirely satisfactory. It is hard to conceive of

a molecule with a single forty carb(in atom ring. It is

difificult to explain how such a forty membered ring,

once formed, could react by further polymerization or

depolynierization. Finally the existence of a small

number of bonds or valencies of a much more reactive

nature than the rest is not explained by such a theory.
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The existence of such bonds in rubber is strongly in-

dicated by its vulcanization reaction. Weber (Chem-
istry of India-Rubberj states that as little as 2 to 2.5'/;.

of sulfur is sufficient to effect complete vulcanization

and that the resulting vulcanized rubber possesses the

highest degree of elasticity and distensibility combined

with the highest degree of tensile strength. Rubber

possessing a higher coefficient of vulcanization some-

times shows higher tensile strength. Init at the expense

of the other physical constants.

In summarizing the foregoing facts and theories it

would seem that any acceptable theory of the constitu-

tion of the caoutchouc molecule must not be inconsist-

ent with the following observed facts,—Caoutchouc

yields on treatment with ozone a product of depoly-

merization and addition, caoutchouc ozonide ; it gives

on treatment with bromine a product of addition but

not of complete depolymerization. the so-called tetra-

bromide ; it gives on depolymerization by boiling in

solvents of high boiling point, not the cyclooctadiene.

but the more stable six-membered-ring terpenes, such

as dipentene ; on destructive distillation it gives a series

of products of widely varying complexit}' from iso-

prene through dipentene to the more complex and

higher boiling products which result particularly from

vacuum distillation ; it is converted into hydrocarbons

of the paraffine series by hydrogenation ; it may be

formed by the polymerization of isoprene and similar

hydrocarbons, but not from dipentene, and it may itself

be converted from a lower to a higher state of poly-

merization and vice versa ; and finally it may be com-

pletely vulcanized by a very small amount of sulfur

A \aluable suggestion bearing indirectly on the

present subject is found in a communication by

Wechsler in Chem. News, \'o\. 100 (1910), p. 2jq.

In discussing the reactions of bodies containing in

their molecule the group—C=C—C^C—Wechsler

suggests that if we write the carbon atoms more ac-

cording to their relative positions in space, as in (I),

then, if the double bonds attract each other, we have

(II). in which the end atoms are much more open to

attack than the middle ones.

.^ jC—

I.

X,
X. ur.

c-
From the formula (11) suggested by Wechsler it is

but a step to formula (III), which has been herein-

before referred to.

If we apply the above suggestion to the long chain

proposed by Pickles, and write the carbon atoms more
according to their relative positions in space, we would

not expect to obtain a single ring of at least forty

carbon atoms, but we would expect this long ring to

double back upon itself at about the sixth carbon atom.

Then if the double bonds, which recur regularly at the

fourth and eighth carbon atoms, attract each other.

and are able mutually to satisfy each other, they might

be expected to join together and give a molecule with

a configuration similar to that of a helix or spiral

spring.—the contiguous alternati\'e d( Jiible bonds being

thus joined to, and satisfied by, each other. A frag-

ment of such a molecule might be represented graphic-

ally as in (A) with the double. bonds joined together

as in ( li )•

:b.

6.

^x\
1;

.11

C'
Such a spiral or helical molecule would be closely

related to the cyclooctadiene ring, as will be apparent

from the following diagrams. Prom these it will be

seen that the alternative double bonds are in practically

the same relative positions whether we have a series of

c)-clooctadiene rings (B) or a spiral (A). An ex-

planation of the eight membered ring, or a structure

closely related to it. is thus made possible by the

modifying action of these contiguous alternative

double bonds.

.Such a spiral molectile could form the tetrabromide

by addition of bromine at each double bond without

depolymerization ; it could break completely at each

alternative double bond with rearrangement of the

ring to give the stable six-carbon-ring terpenes : it

could break at each alternative double bond in a differ-

ent manner to give the ozonide ; on pyrogenic decom-

position by heat this molecule might break at any of

its double bonds to give products of varying com-

plexity, l)Ut all having the empirical formula (C-,Hs)x ;

by hydrogenation such a molecule might be expected

to give a saturated hydrocarbon of the paraffine series.

It is ])roposed that the bonds at the ends of such a

molecule are free, or relatively free, so that this mole-

cule can further react to give a more highly poly-

merized product ; and it is further jiroposed that by

the saturation of these bonds Iiy sulfur vulcanization

is effected.

This theory requires that the spiral molecule have

its alternative double bonds joined together and satur-

ated by each other, but joined in such a manner that

upon treatment with suitably strong reagents addition

may take place nnich as if the double bonds still exist

in a modified and less reactive form.

The spiral or helical theor\- above suggested has not.

to the knowledge of the present writer, heretofore

been published. It is with not a little hesitation that

it is offered at this time. Rut if it shall aid even a

little in the ultimate solution of the nature of the rub-

ber molecule its object will have been accomi)lished.
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TECHNICAL EDUCATION—ITS FUNCTION
IN TRAINING FOR THE TEXTILE

INDUSTRY.*

By CHARLES H. EAMES.f

Perhaps no subject is more broadly (Hscussecl. out-

side of religion and pi)litics, than education. While it

is recognized by every civilized nation that a highly de-

veloped system of education in all departments of

human life is absolutely necessary to the advancement

of a people, the effect of over or under stimulating any

particular department cannot be measured in the same

degree of accuracy that is practiced in mathematics

or science. In the study of mathematics or science

it is comparatively easy to manipulate various quan-

tities and determine the effect of each upon the result

in any given experiment or test. But the same meth-

ods cannot be practiced c|uantitatively when problems

involve the analysis of the net work of social and in-

du>lrial relationships.

\\ itliin the last fifteen \ears the ijarticular Ijranches

of industrial and technical education have received

more attention from the educator, the manufacturer,

and the engineer, than have any of the oliler depart-

ments in our educational system. The practical man

and the theorist, the philanhrupist, and the reformer,

men of wisdom as well as men with fads, have seen

in the development of technical education either un-

limited possibilities in the uplift of their brother man,

or a necessary means of solving some real and compli-

cated problem in the work-a-day world.

( icrmany's increase in wealth, industry and com-

merce is frequentl}' g'ven as the direct result of her

highlv developed system of industrial and technical

education, and some would have us believe that this

system is the sole cause of her growth. \\ hat would

be the effect upon Germany if her educational system

be removed no one can accurately determine yet no

one would hesitate to reason that such a change would

he seriously detrimental to the welfare of the country.

To what extent manufacturing, engineering and

commerce owe their development in our own country

to the technical world cannot be calculated or even

estimated. We may fairly reason that in the absence

of the technical school of applied science, pure science

and mathematics would have rested in a comatose state

and have been of little practical value,

( )ur forefathers found wealth in the soil, the

^treams and the forests, and so long as their re-

sources were immediately at hand and the supply

adequate to meet all wants there was no demand for

manufactured material. Time was not so important an

element as at present. The increase in population and

the recognized limit in natural resources, however,

soon caused necessity to turn to other pursuits. The

manufacturing of higher class articles from the natural

•Paiier presented before the Congress of Technology at the
Fiftieth .^nniver.^ary of the Granting of the Chatter of the Mas-
sachusetts Institute of Technology.

fPiincipal, Lowell Textile School, Lowell, Mass.

products was a logical ste]). The desire to extend the

markets to the inland settlements as well as to facili-

tate communication and travel with them brought the

problem of waterways and the necessity for skilled

engineering. The lack of men to intelligently under-

take such work, and the outlook for greater engineer-

ing tasks in the future made a training school obliga-

tory. The development of this school naturally drew

about it so much of mathematics and science as might

be considered essential for the engineer. Later he in

turn found new fields requiring special application of

other branches of science. He returned to the school

with his problems and demonstrated the need of an

ever widening curriculum.

The co-operation of the graduate engineer with the

instructing staff of his alma mater has been perhaps

the greatest factor in extending the usefulness of these

schools. This progressive development has led, in

some cases, to the establishment of other schools for

particular training. In some such way as this, in-

dustry has developed a great many types of special

schools, each working in its particular department of

the whole technical and industrial educational field.

Although not permitting of actual measurements the

influence of this growth is recognized by all t(j add

much to the wealth of this country. The technical

school as first organized was to train men for civil en-

gineering, but soon it became apparent that manufac-

turing industries, too, would profit by having the

scientifically trained men, so today we find the largest

[lart of the technical school alumni engaged in some

branch of manufacturing. Many of these industries

owe their origin to the product of these technical

schools, and there are many cases wdiere an industry

or concern has been rescued from the class of indus-

trial derelicts by a manager who has had technical

training.

While the iron, steel, electrical and chemical indus-

tries are more dependent upon scientifically trained

managers, the textile, an older and more conservative

industry, is fast finding the same need. Some years

ago a treasurer of a successful mill was heard to re-

mark with a sneer, "I don"t want any technology

graduate coming down here in his patent leather shoes

and telling me how to run a mill." The silent reply to

this man's belittling estimation of technical education

may be found by comparing the change in market

values of his mill stock and that of a mill which has

made a practice of employing an increasing number of

technical graduates. The stock of the former has con-

stantly fallen until it is nearly one-half its original

• value and below par, while the latter has constantly

advanced until a share is now worth more than three

times its par value.

We hesitate to resort to statistics for they do not

always tell the whole story. They are nevertheless

some measure to use in estimating the results. If our

summarization from the catalog of the Massachusetts

Institute of Technology be correct there are consid-
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erabl)- more than a hundred of tlie graduates engaged

in the textile industry or in a business directly depend-

ent upon the textile industry. This does not include

those who are mill engineers, or those in steam,

hydraulic or electrical machinery design and construc-

tion, whose products enter to a great extent in the

success of textile manufacturing. Neither does this

figure, of course, include those who are not graduates

but who have found profitable positions in the textile

field and are surely exerting their influence and help-

ing to make technical training felt in the industry.

It would be necessary to consult the alumni lists of the

other technical schools to gain a fuller appreciation

of the increasing value placed by the textile industry

upon this department of education. Further than this

in making up our account we should not forget to

give due credit to the fact that the industry has

deemed technical education of sufficient importance to

establish special schools that its particular require-

ments may be better met. In one of these schools four

INIassachusetts Institute of Technology men are on the

instructing staff, and there have been connected with

the school during its brief existence nine instructors

who received their training at the Alassachusetts In-

stitute of Technology and who in turn are bound to

instill into the training of their pupils much which

cannot better be described than "Tech. Spirit." On
this same instructing staff have been graduates from

at least ten other technical institutions, which fact

serves as another example of the extended influence

of scientific education in the textile industry.

One could hardly conceive of the increase in active

cotton spindles in the United States of from 2I/2

million in i860 to over 29 million in 1910, accompanied

by an increase in the consumption of cotton from 840,-

000 bales to 4,500,000 during approximately the same

period without realizing that engineering in the de-

signing, constructing and operating of the cotton mill

must play an ever increasing part. In comparing the

size of the woolen mill of i8(x3 with the magnitude of

the present day worsted mill plant of the type of the

Arlington, the Ayer, or the \\'ood. one has some ap-

preciation of the engineering problems involved and

the training which has made the successful solution

possible.

The increase in production with demand for im-

proved efficiency naturally places problems of improve-

ments in machinery upon the builders, and they too

have found the need for specially trained men of tech-

nical preparation. Hardly a machine shop building

textile machinery can afford to be without its corps of

expert engineers. The increase in pounds of cotton

consumed per active spindle may be taken as an indi-

cator that finer grades of material are being manufac-

tured in this country and this too will bring its more

complex problems for the manufacturer and designer

of machines?

Within the past few years we have learned of a

new kind of engineer, or better, an engineer with a

new title, indicating again the further subdivision of

the field of industrial training. While it was undoubt-

edly one of the recognized tenets in the establishment

of the technical school that increased efficiency of op-

eration would accrue, yet the field of the Economist

or Efficiency Engineer was not conceived, 1iut today

manufacturers are realizing more and more that divi-

dends can be made or lost in the waste, not only of

materials but by the improper direction of labor. The

time element in production demands in many ca.ses

more consideration than the material, and the effi-

ciencv of a human being or process must be and is

determined with almost as great an accuracy as any^

mechanical or electrical device. The industries work-

ing upon the smallest margin of profit find the great-

est need for this engineer. ( 'ne of the most lucrative

fields for him is the textile, and if careful examination

were made one would find many of the successful

mills quietly employing engineers with broad technical

training to study their plant, methods and employes

that the efticiency of all of these elements may be

made the highest.

The technically trained chemist is more and more

in demand hv the textile industry. His chief work is

til increase thf efficiency of insuring the quality of the

raw material by reducing the cost of manufacture,

and bv reducing waste or redeeming valuable by-prod-

ucts from this waste. The chemist's work has pre-

vented the increasing amount of refuse from the tex-

tile mills from polluting the water supplies of nearby-

communities. Thus while he may not in such cases

be engaged to directly improve the industry, he has

made it possible for business to expand without heing

a menace to any particular locality. Eogically, then,,

we should add to the number of Massachusetts Insti-

tute of Technology graduates earlier referred to, as

connected with the industry, those who as consulting-

chemists or as employes (if the various boards of

health are helping to promote indirectly the textile

industry.

The increasing quantity of colored goods produced

vearlv in the United States with the range of dye-

stuft's made possible by the development of coal tar

products, coupled with the impure water-supply, shows

another pressing need for the technically trained

chemist. The day of the "rule-of-thumb" dyer with

his stereotyped receipts applied with little regard for

varying conditions is fast receding. The dyer finds a

knowledge of the fundamental laws of chemistry an

absolute necessity in coping with the perplexing prob-

lems of more intricate dyestuffs, complexity of ma-

terial and contaminated water supply.

Germany is a recognized leader in the manufacture

of dyestuffs and chemicals. The early introduction of

her products to this country required her own e.x-

perts as demonstrators, but only recently a technically

trained chemist in the employ of one of these import-

ing houses was heard publicly to state that the Ger-

man experts here were no longer required, for their

places in this country are being taken by our own
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technically trained chemists. This means but a step

toward the increase of dycstutTs manufacture in this

country.

The tendency of larger growth of the textile in-

dustry with its dependent branches has been indi-

cated and 1 have endeavored to show that technical

training- is to be a prerequisite for success. If this

condition of affairs be accepted certainly one of the

most attractive fields is open for the further applica-

tion of scientific laws and principles. A few of the

early graduates of technology have entered textile

manufacturing, but nearly every one of the later

classes has added some new representative. The fact

that the earlier graduates secure these later class men
to fill positions may be taken as an indication that the

expansion of the textile industry has opened a new
field where there is an ever increasing demand for the

•jraduate with a technical education.

THE FUNCTION OF TECHNICAL SCHOOL
LABORATORIES.-

By H. W. HAYWARD.t

The fourth annual meeting of the American Insti-

ture of Chemical Engineers will be held in Washington,

D. C. Wednesday to Frday, Dec. 20th to 22d. A
number of important papers will be presented on the

general subject of Patents, and the Manufacture and

Testing of Explosives, as well as on a number of

other important chemical engineering subjects. One
day will probably be devoted to visits to the technical

chemical engineering plants in Baltimore and vicinity.

A'isits to laboratories and other points of interest in

AX'ashington will also be arranged for.

According to the United States Geological Survey,

the production of natural graphite in the United

States in 1910 was 35,945 net tons of amorphous

graphite, mainly used for fertilizer filler, valued at

$81,443, ^nd 5,590,592 lbs. (2,795 net tons) of crystal-

line, valued at $295,733.

The production of artificial graphite at Niagara

Falls, which had averaged 6,000,000 lbs. (3,000 net

tons) for a number of years, increased to 13,149,100

lbs. (6,574 net tons) in 1910, being valued at $945,000.

The imports for consumption of graphite into the

United States in 1910 came mainly from Ceylon and

Mexico, and were nearly the same in quantity and

value as in 1909. It is significant to compare the total

value of the imports, $1,872,592, with the total value

of the domestic product, both natural and artificial,

which was $1,322,176. The domestic demand for

graphite and graphite products is undoubtedlv in-

creasing, and it is encouraging to note that this de-

mand is being met principally by increased domestic

production rather than by increased importation.

Domestic flake graphite is replacing the Ceylon

graphite to some extent in the mamifacture of cruci-

bles for the metal industries. There appears to be no

reason why this replacement should not increase, for

in Germany flake graphite similar to much of the

American product has for generations been success-

fully applied to this use.

The keynotes in the history of all successful indus-

trial enterprises of recent years have been standard-

ization and efficiency. The profits returned in man}-

cases have been about in proportion to the complete-

ness with which these features of the organization

have been worked out with regard to raw material,

jjiocess of manufacture and finished product.

In order that any industrial operation may be car-

ried out economicallly, it is necessary that the organ-

ization be complete and perfectly adapted for the

work, and that the dilTerent departments be supplied

with material of a suitable and uniform quality. r)n

this account the success of any manufacturer depends

largely upon his ability to control his raw material, or

what is lictter. to adajat material from a great many
sources to his needs by preliminary treatment.

In large plants complete laboratories for testing ma-
terials, chemically and physically, are unusually main-

tained, where the treatment required for any raw
material may be determined and its course from de-

partment to department through the works be closely

watched in order that the product shall be of standard

quality. Smaller plants cannot afTord the complete

laboratory and get along with very meager equipment

;

others make no laboratory tests at all and depend
entirely upon the judgment of their superintendent

and foreman, or upon experiments made in the works.

In order that a steady advance may be made along

all lines it is necessary that constant study and re-

search shall be carried on to improve the processes of

nianufacture in use, to develop new and more econom-
ical methods and to find uses for by-products that may
be useless at present. Only the very large companies
with their complete laboratories can give much time

to research, and only a comparatively small number of

them care to employ competent men for thi^ purpose,

as the special apparatus required is costly and often

very little immediate return is realized froai consid-

erable outlay. The smaller plants cannot afiford to go
into the question to any very great extent, as their

equipment is inadequate, and experiments carried on

in the works are usually rather expensive and interfere

with the routine of the plant.

Large private laboratories are conducted in different

cities and they do splendid work for their clients.

Although a great deal of their work is of a confiden-

tial nature, and on this account not available to the

public, some of these laboratories devote a consid-

eerabl amount of time to general questions of impor-

tance and contribute valuable data for publication in

various journals.

Many consulting engineers maintain laboratories.

*Paper presented before the Congress of Technology at the
50th Anniversary of tlie Granting of the Cliarter of the Massa-
chusetts Institute of Technology.

tAssistant Professor Applied Mechanics, Massachusetts Insti-
tute of Technology. Boston.
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but they are usually for special purposes and not very

completely equipped. \'ery valuable data have been

obtained in many of these laboratories, however, and

has been published for general use. The consulting

engineers are very active in the engineering societies

and their work in this line has been of great service

to their profession.

There are two other classes of laboratories to be

considered : those conducted by the Government, and

those in the various technical schools. The Govern-

ment laboratories do very efficient work along very

broad lines, but it is rather difficult for other interests

than the Government to get work into them.

The laboratories of a technical school are particu-

larly adapted for work that cannot be carried on

efficiently in other places. The complete equipment

of the technical school laboratory allows the undertak-

ing of almost any problem, and among its instructing

staff some man can usually be found who is specially

fitted to attack it. The large number of students who,

every year, are required to carry out some special

work as a graduation thesis, furnish the means where

problems of considerable magnitude may be thrashed

out under competent supervision and at very little

expense to the outside interest. In almost all tech-

nical schools special men can be put to work on any

problem if the interested party will pay a reasonable

sum for the man's time, the laboratory being placed

at his disposal, it of course being understood that the

work shall not in any way interfere with the educa-

tional requirements of the laboratory. Co-operation

of this kind makes possible research along industrial

lines which cannot be carried on in any other way.

The instructing staff in many technical schools are

encouraged to work upon probletns of general interest

and the results of their labors are many times of great

value.

A great many important problems have been solved

in the laboratories of the Massachusetts Institute of

Technology, and every line of industry has been bene-

fited by the data resulting from work accomplished by

members of the instructing staff or by students in

their thesis work. If a study be made of the person-

nel of many important commissions and committees, it

will be found that many Institute professors are doing

valuable work in the solving of industrial problems

with assistance of the laboratories, and many of them

are known the world over for their labors in the in-

terest of science and engineering.

The work that has been accomplished by the labora-

tories of the Institute of Technology, in the engieer-

ing field, needs no praise. It speaks for itself. The
efficiency of the graduates of the Institute shows just

as well that the educational side of the problem has

been well handled, and it would seem that the pro-

posed new Institute with its better facilities, closer

co-operation with state, city and industrial interest,

should stand at the head in everything pertaining to

standardization and efficiency in both the industrial

and educational world.

THE EARNING POWER OF CHEMISTRY.*
By ARTHUR D. LITTLE.

It may fairly be claimed for chemistry that it is at

once the most fundamental and the most compre-

hensive of all the sciences. Its province, in the classi-

cal definition of Ostwald, is "The study of the differ-

ent forms of matter, their properties, and the changes

which they undergo." Thus defined, chemistry em-

braces the material universe, our solar system, the

most distant stars and the flaming nebulae no less

than the dust speck within the universe, on which we
live and which we call the earth. It includes within

its subject matter the physical basis of our own
bodies and of those of every living thing upon the

earth. It is directly concerned with the air we
breathe, the water we drink, the food we eat, the ma-

terials upon which we expend our labor, and the

things which we buy and sell.

Modern chemistry had its birth in the eighteenth

century study of the air and its relation to the proc-

esses of respiration and combustion. Prof. Ramsay
has said that "To tell the story of the development of

men's ideas regarding the nature of atmospheric air

is in great part to write a history of chemistry and

physics." The story is one which has reached its

culminating interest in our t)wn most recent times.

Within the memory of the youngest undergraduate

in chemistry the brilliant researches of Ramsay,

Raleigh and other chemists have disclosed the pres-

ence in the air we breathe of five new gases of re-

markable and in some respects unique properties.

The heavy toll of life in mine disasters would be

unsupportably heavier were it not for the Davy lamp,

the fire-damp indicators, the rescue outfits and the

regulation of explosives, all of which have become

possible only through the growth of chemical knowl-

edge. ^'entilating systems as applied to theatres,

halls and dwellings are based on chemical studies of

the rates and causes of increase in the carbonic acid

content in the air of rooins. The proportion of sul-

phur permissible by law in illuminating gas finds its

justification in similar studies on the air in rooms in

which such sulphur-bearing gas is burned.

The chemical and biological study of public water

supplies, which received its first systematic develop-

ment little more than twenty years ago at the hands

of Drown and Mrs. Richards in the laboratories of the

Massachusetts Institute of Technology, has been the

means of saving countless lives throughout the world

and has led to such understanding and made possible

such control of sources of pollution as to almost

justify the statement that for every case of typhoid

fever some one should be hanged. Chemistry can now
determine in advance of use the suitability of a given

water supply for use in boilers or for the require-

ments of any special line of industry, as paper-mak-

ing, dyeing, cloth finishing, brewing and so on. Fur-

*From a public lecture to business men delivered June 29.

1911, under the auspices of the Indiana Section of the American
Chemical Society.
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thennorc it suiiplies the moans iov correcting unde-

sirable characteristics in a water supply as by use

oi filtration apparatus, coagulants, water-softening

systems aiul the Moore method for the destruction of

the algae which in many waters are the cause of un-

pleasant tastes and odors.

Nowhere is the practical value of chemistry in its

relation to the affairs of every-day life more strikingly

demonstrated than in connection with our food supply.

Chemical fertilizers are in large and constantly in-

creasing measure responsible for the enormous total

of our agricultural products. The whole fertilizer

business is under the strictest chemical control, and

the farmer buys his fertilizer on the basis of a knowl-

edge of its composition and effective value which puts

the average purchasing agent of a manufacturing-

company or public service corporation to shame.

The Association of Official Agricultural Chemists, and

the laboratories of the agricultural colleges and ex-

periment stations throughout the country are doing

more to keep down the cost of living than all the law-

makers we send to state capitols and Washington.

One of the most insistent of the demands of grow-

ing plants is that for nitrogen in form available for

plant food. A small proportion of the necessary sup-

ply of nitrogen in the assimilative form is derived

from the manure of farm animals and from animal

wastes of various kinds, but for many years the world

has depended upon the nitrate beds of Chili as the

chief source of this indispensable element of plant

growth. It is bad enough to be tied in this way to a

single faraway deposit, but the situation becomes

alarming when we discover that this deposit can

hardly meet the world's demand for nitrate for an-

other twenty years. One may contemplate the Mal-

thusian theory with indifference or even with ilisbelief.

but here is a condition not to be gainsaid. The world

must do something to meet it within twenty years

or the world must make up its mind to starve. For-

tunately for the world the chemists are already doing-

something. They have recognized that 33.800 tons of

nitrogen are pressing dow-n upon every acre of land

and have 1x>dly attacked the problem, of rendering

available such portion of this inexhaustible supply as

the world may need. The methods employed have

been daring and brilliant in the extreme.

In 1785 Cavendish in a paper before the Royal So-

ciety describes the production of nitric acid by the

passage of an electric spark through air. A hundred

years later Bradley and Lovejoy at Niagara Falls,

by drawing air through an apparatus by which 400,000

arcs were made and broken each minute, demon-

strated the possibility of the commercial manufacture

of nitrates from atmospheric air. Dirkeland and

Eyde in Norway pass the air through furnaces in

which it comes in contact with enormous flaming and

rotating arcs. Rossi in Italy brings the air in contact

with highly incandescent material of special corn-

position. Although by these several processes nitrate

has been produced by tinjiisands of tons it is doubtful

if the artificial product can yet compete with Chili

niter. Even now, however, the margin is not a wide

one and the results already accomplished amply jirove

that when our agriculture begins to feel the pinch of a

failing nitrate supply the chemist may safely be relied

on to meet the situation. This assurance is rendered

doubly sure by the fact that a solution of the problem

along altogether different lines is already nearly or

quite within our hands. Dr. Frank has shown that by

heating calcium carbide, itself a comparatively recent

product of the labroatory, in a stream of nitrogen

there is formed a new compound, calcium- cyanamide.

The practical interest in this compound depends upon

the fact that when exposed to a current of steam

it decomposes into ammonia and carbonate of lime

and that the same reaction takes place slowly in the

soil when the cyanamide is mixed therewith. Since

the' nitrogen in ammonia is directly assimilable by

plants and since calcium carbide requires for its pro-

duction only lime and coke and power we may view

without serious concern the approaching failure of the

Chilian nitrate beds.

But it is not only on the side of agriculture that

chemistry touches our food supply. Chemistry per-

vades the packing industry, reducing the cost of food

by utilization of by-products of the most varied char-

acter from oleomargarine to glycerine and soap and

from soap to pepsin and adrenalin. To Atwater and

his co-workers we owe our knowledge of the energy-

producing value of different foods in the human
economy and to Wiley and those other chemists be-

hind him on the firing line we are indebted for the

far-reaching benefits of the Pure Food Law.

Carbon disulphid made in the Taylor electric furnace

has preserved the w-ine industr}' of France by destroy-

ing the phylloxera as it is ridding our ow-n fields of

prairie dogs and our elevators of rats and mice. Bread-

n-iaking and brewing are coming each year more and

n-iore within the recognized domain of chemistry:'

which is at the same tinie greatly enhancing the value

of our staple crop by the increasing production of

glucose, corn oil and gluten. Exactly one hundred

years ago Kirchhof discovered the inversion of starch

to glucose by dilute acids. Today the United States

alone is richer by $30,000,000 a year by reason of that

discovery.

The relation of chen-iistr\- to the clothes we wear is

perhaps less obvious but still of the first importance.

More land is planted to cotton and cotton itself is

cheaper because chemistry has taught the planter how-

to secure increased yields by proper fertilization and

how to obtain increased profits by utilization of the

cottonseed for oil and cattle feed. Chemistry is even

now developing new^ sources of profit for the planter

by adapting the short fiber adhering to the ginned

cottonseed hull to the making of smokeless powder

and the stalks of the cotton plant to paper-making.

The woolen industries are dependent upon chemistry
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for the processes of separating the pure fiber from the

grease and dirt with which it is associated in the raw

wool and for the methods of working up this wool

waste into oleic acid, soap, lubricating oils and potaslj

and ammonia salts, as well as for the process of car-

bonizing by which the wool is separated from the burrs

and other vegetable material with which it is admixed

in the fleece.

Many of the most brilliant achievements of chem-

istry have been directly concerned with the textile

industries. A little touch of chemistry to cotton

yarns and fabrics in the mercerizing process gave the

world what is practically a new textile fiber—cotton

with the beauty and luster of silk. A history of ab-

sorbing interest replete with struggle, the capture of

positions of temporary advantage, the constant shifting

of the fighting line, crushing defeats and signal vic-

tories might be written of the development of the

bleach and alkali industry, upon the products of which

the textile manufacturer depends for the finishing of

his goods. We see the pathetic figure of Le Blanc

dying in the poorhouse after enriching the world which

Napoleon was devastating. No less interesting in its

human and scientific aspects is the long story of the

coal-tar colors in which chemists take so large a

measure of justifiable pride. An investment of $750,-

000,000 follows Perkin's discovery of mauve.

Less notable, but nevertheless an industrial achieve-

ment of the highest order is the very modern develop-

ment of artificial silk which, though made from wood

pulp, far surpasses in brilliance and beauty the finest

product of China and Japan. Closely related, thereto,

is the artificial horsehair of which so large a pro-

portion of women's hats are made and the still more

recent artificial bristles of cellulose acetate with which

you may have brushed your hair this morning.

A complex series of chemical reactions has its

origin in the striking of every match, and civilization

as we know it could hardly exist without the modern

facilities for securing artificial light. For the extraor-

dinary extension of these facilities during the past

century the chemist has mainly been responsible.

The immortal Faraday selected "The Chemistry of a

Candle" as the subject matter of a classical series of

lectures to audiences of children. From the rush

candle and the tallow dip to the candles of stearin and

paraffin is in itself a long journey, the milestones on

which were set by Scheele, Chevreul, Heintz and

Tilghman.

The refining of petroleum involved the solution of

many difficult chemical problems. The Chicago fire

is said to have been started by Mrs. O'Leary's cow

which kicked over a kerosene lamp. In those days,

however, it was not necessary to invoke the cow to

start a conflagration with kerosene. Much of the

lighting oil upon the market at that time would flash

below 100° F. We owe our present safety in the use

of kerosene largely to the work of Prof. Chandler.

The production of illuminating gas is wholly a

chemical process. When coal gas was first employed

for lighting the Houses of Parliament the members

might be seen gingerly touching the pipes to discover

if they were not indeed hot from carrying such flame.

That gas is now so cheap is due in large part to the

development by Lowe of the chemical process for

making water gas by passing steam through a bed of

glowing coals and to the chemical processes for gas

enrichment. By the Blaugas system illuminating gas

is now produced in liquid form and distributed in steel

bottles to isolated consumers like so much kerosene.

The gas mantle by which the illuminating power of

gas is raised from 16 to 60 candles on a consumption of

3j/ feet an hour constitutes one of the most signal

triumphs of chemical research. Certain sands found

in Brazil and known as monazite sands had long been

a happy hunting ground for chemists by reason of the

number of rare metallic elements to be found therein^

They seemed to be a sort of chemical garret where

everything not otherwise used up during the process

of creation had been stowed. Dr. Carl von Welsbach

was investigating the rare elements in these sands-

some thirty years ago and studying their spectra.

It occurred to him that a better flame for his purpose

or rather a better distribution of the metallic vapor

in the ordinary Bunsen flame might be secured by

distributing the metallic compound through the sub-

stance of a bit of cambric. He dipped the cambric

in a solution of the salts, suspended it in the flame,,

burned off the cotton, and found that the fragile ash

glowed with an amazing brilliance. So came into

being the gas mantle which has revolutionized and

saved the illuminating gas industry, though not until

the initial discovery had been followed by years of

the most painstaking and refined research.

In the development of electric lighting the chemist

has played a part scarcely less important than that

of the electrician.

The arc light was first shown by Davy between

charcoal points and was maintained by the current

developed by the action of chemicals in the enormous

battery of the Royal Institution. To Faraday, whose

achievements in electricity have overshadowed his

renown as a chemist, we owe the discoveries upon

which our modern methods of generating electricity

are based. The early history of the incandescent

lamp is a chronicle in equal measure of the difficulties

of finding a proper material for the filament and those

of producing the requisite degree of vacuum in the

bulb. Both problems were solved by chemistry which

first supplied the carbon filament made by dissolving

cellulose, squirting the solution into a thread of the

required diameter, drying and carbonizing the thread'

and thereafter flashing in an atmosphere of hydro-

carbon vapor to deposit carbon on the filament precisely

where and in exactly what proportion its original

inequalities of resistance to the current made neces-

sary. More recently Whitney and other chemists

working in the same field first greatly raised the-
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efficieiicv of the filament by the process of metallizing,

so-called, and have since given us lamps of an alto-

gether new order of usefulness by employing new
materials, as tungsten, for the filament.

The second great problem, that of securing rapidly

and cheaply the necessary high vacuum in the bulb,

was solved in the most elegant manner by the extraor-

dinary Malignani process. Malignani placed within

the tubulature leading from the bulb and connecting

the bulb and pump, a minute quantity of red phos-

phorus, started the pump and roughly exhausted

to about 2 mm. mercury. He then sent through the

filament a current so heavy as to bring the filament

to intensive incandescence and cause the gaseous

residue within the bulb to faintly glow so that the

bulb was filled with a luminous blue haze. He then

.-ealed ofl:' the pump by fusion of the walls of the

tubulature below the phosphorus and with the bulb

still glowing touched the tip of the blowpipe flame to

that portion of the tubulature wall against which the

phosphorus rested. With the vaporization of the

phosphorus the blue haze instantaneously disappeared

and an almost perfect vacuum was secured within the

bulb. The process is not one of oxygen combustion

as might on first thought appear and its ultimate

mechanism was not understood until many years

subsequent to its discovery.

The improvements in incandescent lamps in the

last ten years have resulted in the saving of $24,000,000

a year in the cost of lighting as compared with the cost

of equal illumination by the older types of lamp.

To the art of illumination W'ohler and Willson have

contributed the calcium carbide and acetylene found

on every automobile and in a hundred thousand

isolated homes ; Pintsch and Blau have developed

separate systems permitting the transport of illumina-

ting gases in steel tanks for the lighting of trains and

houses ; to Hewitt we owe the mercury lamp, to other

inventors the flaming arc, to Nernst the high efficiency

lamp which has his name, and, long before them all.

to Bunsen the blue flame burner utilized by Welsbach

and which constitutes the basic element in every gas

stove.

I have endeavored in this cursory and most in-

adequate survey to indicate something of the extent

to which chemistry contributes to the satisfaction of

the demands and needs of every-day life. The earning

power of the science becomes more directly apparent

in its relation to general industry.

American manufacturing is in many respects the

most intensive in the world. Nowhere is plant

scrapped so quickly to be replaced by larger, faster

and more efficient machines. Nowhere else is labor

so speeded up by piece work, bonuses, motion studies,

gang organization and the other devices of the effi-

ciency engineer. In no country can new office systems,

typewriters, adding machines, time recorders, memory
ticklers, duplicating devices and all the paraphernalia

of the follow-up be sold as quickly and in none are

they utilized so thoroughly. Our manufacturers un-

derstand these things, and what they understand they

want, and are quick to make the most of, provided

always they can use it in their business. They do not

understand chemistry, naturally they do not propose

to have any chemist teach them their business. This is

reflected in the attitude of their subordinates which is

commonly one of militant skepticism. They, like their

masters, cut themselves ofif from that great coordinate

and organized body of knowledge brought together

by thousands of highly trained minds through the

incessant questioning of nature during a hundred

years. They pay less regard to many of the laws of

nature than they do to city ordinances. When under

these circumstances they fail to make a satisfactory

profit in competition with more enlightened Germany.

they jack up the tariff. They ignore applied chem-

istry which offers them better protection than the

highest schedules of the Aldrich bill.

Let us consider a few concrete examples of the

earning power of chemistry. .\ large pulp mill found

itself with over 100,000 cords of peeled wood piled

in its yard and this wood was beginning to rot. A few-

thousand gallons of sulphite liquor sprayed over the

pile from a garden hose killed the fungits and saved

the pile. The same mill was losing 23 per cent of

its wood as barker waste. Laboratory trials proved

that an excellent quality of paper could be made from

this waste, all of which in this mill is now profitably

worked up. Other mills still throw 20 per cent or

more of their initial raw material away. The mill

was cooking in 16 hours. Laboratory cooks were

made in 7^ hours and the time of the mill cook

reduced to 10. Finally, by a proper spacing of the

digesters, the production of the plant was brought

from 97 tons a day to 149 tons.

Cylinder oils generally cost about what you are

accustomed to pay. Plants which employ a chemist

pay from 19-27 cents. Manufacturers who do not

need a chemist commonly pay 45 cents, 65 cents or

even, if they know their own business very well,

$1.50 a gallon. There is probably not a large plant

in the country in which, if it is not already under

chemical control, the lubrication account cannot be

cut in two. In the engine room of one large cement

plant the average monthly cost for lubricants had

been %l^7. It is now $30. A concern paying t,j cents

a pound for a special grease which the superintendent

needed to run the mill now buys on specification for

53^ and the mill still runs. Another company within

our knowledge saves $12,000 a year on cutting oils

alone.

In a plant near Boston using two tons a week of

special steel rolled very thin, their chemist was able in

about two years to reduce the cost of the material

from 80—40 cents a pound while at the same time

standardizing and greatly improving the quality of the

steel. We recall savings of $2,100 a year on wrapping

paper, $3,600 on boiler compounds, $6,800 on a minor
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article of supply. $100,000 a year on a single raw

material.

Chemistry points out the only proper way to buy

supplies which is on the basis of their industrial effi-

ciency by means of specifications defining the quality

desired and rigid tests to make sure that quality is

secured. Independent estimates by those in excep-

tional positions to know place the efficiency value of

supplies as purchased and used by American manufac-

turers at 60 per cent of what it should be.

Comparatively few American manufacturers light

their cigars with. $20 bills. It is too slow a method of

burning money. They prefer to burn it by shovelfuls,

so they burn it in the boiler room. They forget that in

ostensibly buying coal they are really buying heat

and they pay good money for slate and sulphur balls

with no knowledge of the actual number of British

tliermal units they are receiving for a dollar. Perhaps

they depend upon a trade name ignoring the fact that

coals from different mines in the same district vary

greatly as does also coal from the same mine. More-

over coal, like some other things, is not always true

to name. A few years ago the Boston School Com-

mittee decided to buy its coal on specification. It had

previously bought "New River coal of the best qual-

itv" and that definition of its desires was included in

the specification which, however, also included a chem-

ical definition of what coal bearing this name should

be. When deliveries were made by the same dealer

who had previouslv supplied school coal they proved

to be an inferior grade of Pennsylvania coal with sul-

lihur in some samples running up to 6 per cent. \\"hen

the contractor was called to account, he admitted that

he did not know the state in which New River coal

originates nor the transportation route by which onl\-

it could come to Boston. His comment to the commit-

tee was, ''I don't see what you are fussing about, it's

the same coal you've always had.'' Later when the

temperature in the piles in a certain school ran up

yo° in one day he was called upon to remove all coal

delivered by him to schools in that district and sub-

stitute therefor New River coal, which he did at heavy

loss to himself and corresponding gain to the city.

Important as are the losses in the initial purchase

of coal, they are small compared with those which at-

tend its burning. Many a mill owner looks out of the

window and sees, without knowing, his dividends go

up the chimney. Under well regulated conditions of

combustion the flue gases should contain not less than

12 per cent of carbonic acid gas. They frequently

contain no more than 3 per cent. This means that for

every ton of coal burned under the latter conditions

more than 52 tons of excess air are heated to the high

temperature of the flue gases. Chemistry meets these

conditions by analyzing the flue gases and regulating

the draft as indicated by the percentage of carbonic

acid found. At $2.25 a ton. which is much below the

average price, the fuel bill of the United States was

over $1,000,000,000 in 1910. Of that amount chem-

istry could easily have saved $100,000,000.

Chemistry aids the manufacturer who will listen to

her teachings in countless other ways. It substitutes

a rigid control of processes for the guesswork and

uncertainty of the rule of thumb. It increases the

productivity of labor by supplying more efficient

processes.

In the sulphur mines of Sicily young boys called

carusi climb with groans and curses for four hundred

feet bearing in a stifling atmosphere 40-pound loads of

sulphur ore upon their backs. In Louisiana, thanks to

Frash, two concentric pipes are driven to the ore, a

hot solution of calcium chloride is forced through one

pipe to melt the sulphur which is then pumped to the

surface through the other, at a trivial fraction of the

cost of raising the ore in Sicily.

In the old days of making paper the rags were

piled in a heap, moistened and allowed to stand for

weeks until fermentation had proceeded far enough

to soften them. Now they are boiled with lime for a

few hours. They used to be bleached by the slow

action of the sun and dew as they were spread upon

the grass. They are brought to better color now over

night by bleaching-powder. Cutting tools made from

high-speed steels multiply the output of the lathe and

planer. The addition of i per cent of calcium chloride

to the electrolyzing bath doubles the yield of potas-

sum chlorate.

Chemistry aids the manufacturer by standardizing

his product and reducing seconds and rejections. It

costs just as much to tan goat skins into seconds as

into firsts though seconds bring a third as much.

Chemistry even comes to the front bearing ammuni-

tion during an advertising campaign. You may re-

member the oiTer of a blowpipe and a bit of charcoal

coupled with the information that if your paint was

a lead paint as the advertiser believed it should be you

could quickly prove its quality in the laboratory of

your kitchen by reducing from the paint a little pellet

of metallic lead. You do not see that advertisement

now. It disappeared about the time that .some one

else informed the world that zinc paints are "unalter-

able even under the blowpipe."

Nowhere, however, docs chemistry render such effi-

cient service to the manufacturer as in turning to

profit waste and nuisance. To this phase of its serv-

ice we shall return again.

To quote Prof. Duncan

:

"During the next five years the small manufac-

turer who is swept out of existence will often wonder

why. He will ascribe it to the economy of large scale

operations, or business intrigues or what not, never

knowing that his disaster was due to the application of

pure science that the trust organizations and large

manufacturers are already beginning to appreciate."

A few of us have been surprised, and none more

than the railway managers themselves, by the well

supported statement before the Interstate Commerce



Scptoinl.cr. I'Ml. THE CHEMICAL ENGINEER 37

1

Commission that the railroads of the country could

save $300,000,000 a year by the application of scien-

tific management to the operation of their properties.

Every chemist who has studied the problem is well

aware that the entire amount in question could be

saved through utilization of the proved results of

chemistry alone.

Abraham S. Hewitt is authority for the statement

that the Bessemer process has added $2,000,000,000

3-early to the world's wealth. V>y far the greatest por-

tion of this increment has come through the econ-

omies which this process of steel-making has rendered

possible in transportation.

Our own study of car painting practice on 21 elec-

tric roads has developed the fact that 50 per cent of

the cost of materials and labor is wasted and more

than 50 per cent of the time spent by the cars in the

shops is unnecessary.

The classic work of Dr. Dudley as the head of the

laboratories of the Pennsylvania system has gone far

to standardize railroad practice throughout the coun-

try. Few even among railroad men realize how great-

ly the whole community is in his debt. His specifica-

tions cover rails, soaps, disinfectants, oils for signals

and for lubricating, paints, steel in special forms for

every use, car wheels, cement, signal cord and every

detail of equipment. He has made the transportation

of life and property cheaper, safer and more expedi-

tious by reason of his application of chemistry to the

problems of railroad management.

In a recent address Dr. Frankforter, voicing the

opinion of every thoughtful chemist, said : "The

United States is the most w-asteful nation in the world ;

wasteful in living, wasteful in manufacturing, and

wasteful ill conserving its natural resources." So

heedless and appalling is this waste that the mind

trained in chemistry stands aghast. I have lately

visited a southern lumber mill which burns 1,900 cords

of wood a day in its incinerator. There are two hun-

dred such burners in the country limited in destruc-

tiveness only by the amount of material sent to them.

From such wood chemistry is prepared to extract three

gallons of turpentine a cord, 10 gallons of ethyl alco-

hol, or paper pulp to the value of $20. We waste

each year 500,000,000 tons of coal and each day a

billion feet of natural gas. With peat deposits fring-

ing our entire eastern coast we pay $4 a ton for coal

delivered on the bog. Beehive coke ovens flame for

miles in Pennsylvania and excite no comment wliile

the burning of a $1,000 house would draw a mob.

We fill the Merrimac River with w-ool grease, making

it a stench, while the towns along its course buy soap

and fertilizer and lubricants from Chicago, Chili and

Pennsylvania. We burn coal-tar in Massachusetts and

import coal-tar colors at high prices from Germany.

Over the great northwest we burn each year 5,000,000

tons of flax straw while we pay $40 a ton for imported

paper stock from Norway. In the South 300,000

tons of paper fiber of the highest grade are burned

with the cottonseed hulls to which it is attached or

used with them to adulterate cattle feed. Corn-stalks,,

to an incalculable tonnage rot or are burned each year-

while chemistry stands ready to convert them into,

feed containing 30 per cent of sugars on the dry basis,

or into alcohol for light and power. Waste molasses

is sold for three cents a gallon or dumped' into the

stream while alcohol sells for 40 cents a gallon. Skini;

milk is fed to hogs or thrown away because no one-

has the enterprise to extract its casein which is worth,

more than beefsteak for food.

In the face of such conditions we still meet young-

men who would inform us that the day of opportunity

is past. The truth is that opportunity is knocking

not once but insistently and long at every entrance to.

the chemist's laboratory.

Xowhere is the earning power of chemistry better

shown than in its ability to transform cheap raw ma-

terials into products of exceptional value. A cord of

wood is worth perhaps $10 with a dry weight of a.

little over a ton. Its value, therefore, is about a half

a cent a pound. In the form of chemical fiber for

pai)er-making half the weight is lost but the remainder

is worth 2^4 cents a pound. As paper it finds a mar-

ket at 4 cents. Made into artificial silk by more re-

fineil chemical processes it commands $2.00 a pound,,

while as cellulose acetate bristles it is worth $4.00.

;\Iaiiy of our great industries are founded on minute-

chemical facts. Goodyear drops a bit of gum mixed

with sulphur on a hot stove and the rubber industr}-

results. The fact that silver salts happen to blacken,

when exposed to light is responsible for a corporation

with $35,000,000 capital on which the earniiTgs are

over 20 per cent a year. The dipping of cotton yarn,

in caustic soda while tightly stretched has revolution-

ized the manufacture of the better grades of cotton,

textiles. Because the chenii.-'t learns that glycerine

treated with nitric acid becomes explosive our army

engineers are able to separate two continents. Bec-

querel. having placed a bit of uranium upon a photo-

graphic plate in a black paper wrapper, finds on de-

velopment that the plate has blurred. The observa-

tion leads Prof, and ]\Iadanie Curie to study similar

actions by uranium ores and presently the thought of

the world is enriched by altogether new conceptions

of the constitution of matter, and our minds are awed

by the magnitude of forces previously unrecognized.

Two classes of securities find a ready sale in Massa-

chusetts—3J4 per cent bonds and gold bricks. It is

not an easy matter to raise money for a sound chem-

ical proposition which promises 20 per cent. Much-

the same conditions undoubtedly prevail throughout

the country. Boston, which invested largely in sea

water gold, the Hickman machine for converting

starch to cane sugar, and the electrical process by

which spruce wood was transformed into Austrahan

wool with the grease in and the burrs attached, is just

now figuring its losses on synthetic rubber. It left

to other communities the formula of the Altoona colv-
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bier for burning asbes, tbe process for converting

water into kerosene, and the Lamoine diamonds. Men
who turn a box of strawberries upside down and re-

quire a pastor's certificate of character from the office

boy, rush into misappHed chemistry with never a

thought of expert investigation or advice. The pity

is the greater when one reaHzes, as every chemist does,

the generous scale by which are measured the rewards

of chemistry properly applied and wisely administered.

Ten years ago a Massachusetts company with a cap-

ital of $20,000 was organized to conduct a manufac-

ture based on chemistry ; two years ago it charged off

$700,000 on real estate and equipment ; to-day it has

a surplus of over $1,000,000. The great Badische

Anilin und Soda Fabrik, the Elberfeld Co., Brunner,

Mond & Co., the E. I. duPont de Nemours Powder

Co., Meister, Lucius & Bruning, the Solvay Process

Co., and many others well known to every chemist are

among the most profitable industrial organizations in

the world. The one thing lacking for an enormous

development in this country of equally profitable enter-

prises based on chemistry is a reasonable appreciation

by our business men of the earning power of

chemistry.

The ordinary investor who may safely trust his own
judgment in matters involving cotton, wheat, mort-

gages, railroad shares or telephones is not equipped

by training or experience to decide upon the validity

of propositions involving chemistry. He must, if he

would avoid disaster, rely upon the opinion of disin-

terested experts. Such opinion should cover the

soundness of the chemistry involved, the state of the

art relating to the manufacture, the patent situation,

the available market, the nature and extent of compe-

tition, the supply of raw material, the stage of de-

velopment of the process, the cost of plant and the

costs of production. These last should be itemized

and the basis for conclusions regarding every item

should be fully stated. Large allowances should in-

variably be made for depreciation and in most cases

equally liberal allowances for contingencies. Secret

processes should be left to the fool and his money.

There are in the country at least 100,000 doctors and

nearly 125,000 lawyers. There are only 10,000 chem-

ists to carry on a work incomparably more important

than litigation and no less beneficial than medicine to

the life of the community if that life is to be worth

living. Some measure of the mere material benefits

which chemistry can offer may be found in the fact

that the annual production of the chemical industries

of the United States is already nearly equal in value

to our agricultural products. Let us, however, not

forget that these benefits have come, as many more

will follow, because chemists have never faltered in

pursuing truth for years through the labyrinth of diffi-

cult researches with no better guide than the slender

and often broken thread of an hypothesis. Turgot has

said : "What I admire in Christopher Columbus is not

that he discovered the new world but that he went to

look for it on the faith of an idea."

The fifth, sixth, and seventh public sales in Bata-

via for 1911 of Billiton tin, in slabs of 74.8 lbs. each,

resulted as follows: May 3, 5,500 slabs at 40.1 cts.

per pound
; Jinie 7, 5,500 slabs at 40.94 cts. ; and July

5, 5,500 slabs at 40.233 cents. During 1910 there

were shipped from the colony 16,370 tons Govern-
ment Banca tin and 2,491 tons private Billiton tin.

.According to the preliminary report on the min-
eral production of Canada for 1910, the revised fig-

ures of production for 1909 show that in 1909 there

were 179 short tons of barytes produced in Canada,

valued at $1,120. No statistics are given as to the

production of barytes in 1910, except a reference to

5 hundredweight having been exported, valued at

$150.

According to the statistics of the Priamur mining

inspector, 17 gold mines were being operated in the

Amgun mining district of Siberia. These mines in-

clude 40 claims and produced 27,595 ounces troy of

gold. There were 831 Russians and 4,146 Chinese

laborers employed, and in all about 500,000 tons of

gravel were washed. The total sum paid for labor

amounted to $186,856. In adition to the above, 150

Russians and 2,566 Chinese worked on these claims

on a percentage basis and from 12 mines produced

21,312 ounces troy of gold, the total value of their

share being $178,503. These figures do not include

gold illegalh' obtained by Chinese and exported to

China.

The field force of the United States Geological

Survev is prosecuting searches for deposits of min-

erals which shall furnish the tliree necessary ele-

ments of plant food that are contained in "complete

fertilizer,'' namley, phosphate rock, nitrate salts, and

potash salts. The Survey has already discovered

and surveyed enormous deposits of phosphate rock,

and 2,398,590 acres of public land containing phos-

phate, withdrawn at the recommendation of the

Geological Survey, are now waiting legislation by

Congress to enable their development. In order,

however, to insure an "all-American" fertilizer, re-

gardless of importations from other countries, it re-

mains to discover deposits of nitrate of soda and

potash salts. As both of thes minerals are readily

soluble and are not to be found as "outcrops" like

ordinary rocks, the mission of the Survey is not an

easy one. Nevertheless, it is believed that the geo-

logic conditions prevailing throughout a large por-

tion of the arid West favored the accumulation, dur-

ing earlier periods of the earths" history, of both of

these salts, and that if these still exist in concen-

trated deposits it is only a question of search to dis-

cover them. Hardly anything could be suggested

which would be of greater assistance to the Amer-

ican farmer than the discovery of commercial de-

posits of either of these necessary fertilizing

minerals.
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TWO PROBLEMS OF FACTORY BUILDING.*

Every day new manufacturing enterprises are being

incorporated. A large proportion of these are ni-

augiirated by men who are for the first time "going

into business for themselves." Immediately the new

company is likely to be confronted with at least two

questions of prime importance: i. What kind of fac-

tory buildings ? 2. Where shall the plant be located ?

Experience indicates that these two problems are

handled unwisely with a frequency beyond apparent

excuse. r^Ioreover, the complaints one hears on every

hantl disclose that "going" concerns that have thriven

anil prospered, grievously err at some period of ex-

])ansion in the solution of the same two problems.

The mistakes of the wealthy corporation are not of

so much concern, but most of the others begin busi-

ness with too little rather than enough money, so that

what may be saved to them is saved to good purpose.

The first mistake usually arises from a failure to

realize that a new business should be proved to be a

"good" business before one dollar is permanently in-

vested in buildings. This may be termed a principle

rather than a hard and fast rule, for in some instances

buildings already erected and perhaps suitably

equipped can be obtained at bargain prices. At the

same time, it may be stated without any exception that

a factory building project should not be entered into

on an ownership basis before the merits of a projected

business as a money-making proposition have been

thoroughly demonstrated. Much too frequently the

proposed factory looms up as the biggest thing in the

new company's horizon, when it should be only inci-

dental to the great problem of building up a business.

Where a new and untried business may easily cripple

its prospects seriously, through too great an invest-

ment in plant, leaving too little of its original capital

for working purposes, the "going" business has sur-

prisingly greater resiliency under stress, and, more-

over, ofTers an infinitely better basis for financing and

for planning the new plant. Therefore, beginners

should establish their business temporarily in any

quarters that will do, and then wait until the business

proves that a plant is necessary before building.

Deciding upon a location is scarcely less important.

While many concerns succeed in spite of their location.

a mistaken choice is a source of continual annoyance

and ordinarily is possible of change only at great cost.

•From Tlie Iron Age.

The new company is the prey—and, strange to say, is

often flattered thereby—of the enterprising "in'prove-

ment associations" of a dozen towns, to say nothing

of the now numerous "land associations." It is indeed

.unfortunate that so man}- too energetic folks in sub-

urbs and villages are inspired to make manufacturing

towns of these hamlets, wholly regardless of their

qualifications therefor. The tendency to boom towns

that never should be anything but farming or resi-

dence communities, by enticing unwary enterprises to

locate, has resulted in- no end of harm to those indus-

tries and no ultimate good to the community. There

are now for sale hundreds of abandoned plants all

over the country that stand as a striking condemna-

tion of such incongruous and ill-advised endeavor.

Before considering the question of a building site

a company should have available sufficient resources

to acquire ownership of the land without fear or favor.

-So situated, the company is not likely to be influenced

to forego really necessary facilities in order to take

advantage of the tempting concessions offered. More

often than otherwise the new company starts out with

too little money. It follows that the cash bonuses, free

sites and building material, easy taxes, etc.—the com-

mon bait held out—come to be reckoned upon as a

part of the company's available capital and as neces-

sary to the inception of the enterprise. To so consider

these inducements is unqualifiedly wrong. Thus, the

most liberal oft'er becomes the most attractive, while

considerations having to do with operating conditions,

in the particular locality, are made secondary or en-

tirely submerged. It may be accepted as almost

axiomatic that the most lilieral oft'er will emanate from

the least desirable location. It cannot be too strongly

emphasized that no such inducements, however liberal

thev mav be. are sufficient to justify the permanent

handicapping of operating economy. The merits of

everv location should first be considered wholly apart

from the terms of acquisition, and the unsatisfactory

site should be rejected regardless of the gifts which

are handed out with it. This may seem an extreme

ruling, but if a business is worth the building of a plant

it mav be e.xpected to contiiuie for many years, and

the earnings of the business will dwarf original con-

siderations into insignificance. On the other hand,

the disadvantages of location that at first may seem

trifling will roll up into mountains of annoyance as

thev are accentuated by the growth of the business

and the passing of time.
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THE FLOW OF HEAT THROUGH FURNACE
WALLS.-

By WALTER T. RAY AND HENRY KREISINGER.

The data upon the flow of heat through furnace

walls was obtained in the course of an extended exper-

imental study of combustion carried out by the United

States Geological Survey at its fuel-testing plant in

Pittsburg.

These incidental experiments have yielded results

bearing upon the quantity of heat dissipated through

the walls of furnaces, and, particularly, have furnished

a conclusive answer to the question as to the relative

efficiency of walls of the air-space type, and walls of

solid brick or other material.

It is a very common belief that, since air is a very

poor conductor of heat, an air space between inner and

outer walls must be an efficient heat-insulator. This

reasoning does not take into account the fact that

radiation over an air space is of even more importance

under the conditions than conduction, and that radia-

tion over an air space takes place very readily.

The experimental furnace used in these tests is

about 43 feet long. It is fed by a niechanical stoker

at one end, and the combustion takes place in a tunnel

3 ft. wide by 3>4 ft. high and 38 ft. long, the hot gases

discharging into a water tube boiler. The tunnel has

double walls and double arch. The inner walls are

built of best fire brick, 9 ins. thick, and the outer of

common brick 8 ins. thick. A 2-in. air space separates

these walls. The inner arch is of 9-in. fire brick, and

the outer of repressed brick 4 ins. thick. Between the

two arches is a i-in. layer of flake asbestos. The inte-

rior of the chamber is kept as nearly as practicable at

atmospheric pressure to miifimize air leakage through

the walls.

Three sets of thermocouples of four units each were

placed in the walls of the furnace at distances repre-

senting about %, y2 and ^ the length of the furnace

from the grate end. Two similar sets were placed in

the roof at the 3/2 and ^ distances.

The arrangement of the units of each set for get-

ting the heat gradient through the walls or roof is

shown in Fig. i. The junction of each couple was in

contact with the bottom of its hole, ;nul the holes were

packed with asbestos after the couples were in place.

The thermocouples used were obtained from the

Hoskins Mfg. Co., of Detroit. The connections were

such that each couple could be thrown into series with

the indicating instrument by a snap-switch, so that a

complete series of readings could be taken almost

simultaneously. "The couples proved durable and

dependable up to 1,400° C. {2,522° F.) ."

No attempt was made to get the highest accuracy

in reading temperatures, for relative results were

sought rather than absolute. Also the conditions in

the bottoms of the holes were not subject to inspec-

tion, and many chances for small errors were always

present on that account. The complete results of one

representative test are given. Starting with a cold

furnace, the test was run through 29 hours. Curves

were plotted for each couple, temperature readings,

against time as abscissas, the shape of the curve show-

ing the rate of increase in temperature. Each set of

couples showed entirely similar curves, the rate of

change being, of course, faster for the couples nearer

the inner surface of the furnace. After about n)

hours, the temperatures of all couples ceased to in-

crease, the curves at this point becoming horizontal

lines. This conditions means that, whereas during the

first 19 hours of the run most of the heat entering the

walls went to raise the temperature of the walls, after

the equilibrium was attained the heat flowed con-

stantlv, and in equal quantity in all parts, through the

walls and was dissipated into the air by radiation.

INSIDE

Fire brick

Rre clay,

Tire brick

Air space

Common brick

Mortar,

Repressed

face brick

i]No4 IINd.3 :No.2 nNo.l

outside:

•From Bulletin No. S of the United State.s Bureau of Mines,
Dept. of the Interior.

Fig. 1— r.onstruction of Furnace Walls and Arrange-,

ments of Thermo Couples.

The next series of observations relates to the teni-

[jcrature drops in various zones of the furnace walls.

The quantity of heat flowing through a wall from

one plane to a parallel plane depends upon two fac-

tors: the differences between the temperatures of the

two planes and the resistance to the flow of heat.

Given a constant quantity of heat, if the resistance to

its flow is great, the temperature dift'erence between

the planes will be great; if the resistance is small, the

difference will be small.

This being true, in the case of a furnace wall at

equilibrium (when the quantity of heat flowing

through all planes parallel to the wall surfaces is con-

stant) the dift'erence in temperature between any two

planes is a function of the resistance of the medium
between those plans. Thus if the difference in tem-

perature between the two couples which have fire

brick between them is greater than the dift'erence in

temperature between those which have an air space

included in the space between them, the resistance to

the flow of heat must be greater in the fire brick than
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ill llu- air space. It i> lluis possible to depend upon

temperature difference as l)eino an indicator of the

liii,di or low resistance of materials to heat flow, and

to make roughly (|uantitative comparison of such

materials.

Series of observations of temperatures were taken

from all sets of couples in w-alls and roof of the fur-

nace after e(|uilibrinni was established, and ciu"ves
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In the light of these laws, it is seen that no matter

how high the temperature, so long as the tempera-

tures between surfaces remain constant, the loss of

heat through a solid wall will be constant. On the

other hand, the quantity of heat radiated through an

air space, being a function of a difiference in fourth

powers, increases rapidly with increased temperatures

even though the difference between these tempera-

tures be constant.

This also throws light on the fact that an air space

is a splendid insulator for refrigerators, for there the

temperatures are low, though it is objectionable where

high temperatures are in order.

Upon the basis of the laws mentioned, calculations

are made which check fairly well with the calculations

made from experimental data, and further calculations

of the total heat lost per unit of time through the

walls of the furnace are presented.

The authors of the bulletin here reviewed give spe-

cial thanks to "John K. Clement, Physicist, and his

assistant, L. H. Adams, both men of the Bureau of

Mines, for their aid in devising methods for taking

many of the observations, and assisting the authors

in studving the data."

COAL COMBUSTION RECORDERS.^:

By AUGUSTUS H. GILL.f

By the simple determination of the carbonic acid

content and temperature of the gases from a boiler

furnace, its efficiency can be closely determined. By

the investment of $io in premiums to keep the CO, at

12 per cent, an electric company in a Massachusetts

city saved 40 tons of coal. This would seem to de-

mand the attention of every manufacturer using coal.

The first analyses of chimney gases were made in

1827 by Peclet ; they were sampled by emptying a bot-

tle of water in the gases and he found that in ordinary

combustion only about half of the air was used. Bun-

sen in 1839 analyzed the gases from a blast furnace in

Veckershagen and found that over 40 per cent of the

fuel was wasted ; attempts were made to use this waste

heat for raising steam. The analyses in those days

were tedious and troublesome, a whole day being em-

ployed in taking a sample. Scheurer Kestner used 10

gals, of mercury and complicated trains of combustion

and absorption apparatus. Now a result is obtained in

five minutes and recorded—all automatically.

The first portable apparatus for gas analysis was

devised in 1872 by Clemens Winkler, the discoverer

of the rare element Germanium. This apparatus, how-

ever, is troublesome to manipulate, is not jacketed and

hence is ill adapted to the drafty boiler room. It how-

ever served a useful purpose in preparing the way for

a better. This was the Orsat, patented by M. H. Orsat

of Paris in 1873, and notwithstanding its price of 15/,

Paper presented before the Congress of Technology at the
.^Otli Anniversary of the Granting of the Charter of the Massa-
chusetts Institute of Technology.
tProfessor of Technical Analysis, Massachusetts Institute of

Technology, Boston.

in October, 1874, found its way into more than 50

factories in all parts of Europe and even in America.

It was used wherever carbon dioxide was generated

—

with all sorts of furnaces—puddling, melting, Besse-

mer, Siemens-Martin, boilers, gas producers, fermen-

tation industries, beet sugar factories, sulphuric acid

and alkali works.

The chimney gas is collected and measured over

water or brine in a burette and successively forced

into various absorbents contained in pipettes, and the

diminution in volume represents the percentage of the

different constituents. This is done by hand and re-

quires nearly a half hour for its completion. Three

gases are determined, one of them carbonic oxide, in-

dicative of imperfect combustion which is fhown by

no other apparatus. It, however, has the disadvantage

that it tells what is transpiring' in the furnace only at

the time at which the sample was taken—a very brief

interval two or three minutes at most. Furthermore it

requires an attendant to operate it. Its indications

were so valuable as to create the desire for an auto-

matic device which should indicate the condition of

the boiler furnace the same as the steam gage tells the

pressure. The first of these automatic devices was

patented in England in July, 1892. by Custodis and

Duerr of Munich. This consisted of a balanced glass

globe suspended in a case into which the gas U^ be

tested was sucked—a modification of the Lux gas

balance. This invention was quickly followed by a

variation by Arndt in September, 1892. Custodis and

Duerr, in 1895, then improved their first balance by

adding another globe and making it recording.

This balance type of apparatus had the disadvantage

that it was constantly in motion, with the result that

the knife edged and planes wore, rendering it less

sensitive, requiring frequent repair and adjustment.

This type was superseded by the absorption apparatus

of Arndt in Aachen, who received a patent in Eng-

land in December. 1896. for his "Ados" or heating

effect meter. Other patentees are Cederborg of Den-

ver, Simmance Abady of London, J- C. Eckhardt of

Stuttgart, Sarco Fuel Saving & Eng. Co. of New
York, Uhling & Steinhart of Newark. Salan & Birk-

liolz of Essen, G. Van Gildern & Co. of Dusseldorf,

and Hugh K. ?\Ioore, P.erling. N. TI. With these auto-

matic devices usually a small stream of water fur-

nishes the power to draw a current of gas from the

uptake or chimney into a floating gasometer and force

it through potassium hydrate into another gasometer

which is connected with a recording device which

shows the amoinil of carbonic acid absorbed.

This should be about 13 per cent, as if a greater per-

centage be obtained, the loss by the formation of car-

bonic oxide usually more than compensates for the

increase due to carbon dioxide. A greater percentage

than thirteen means that the fires are too thick. .\ less

percentage than 10 means either that the fires are

too thin or there is leakage either through the bricks

themselves which form the setting or through cracks
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tlicrciii. In mail}' cases this is sut'ficiLMit to reduce the

CO, percentage to 5 or 7, wliich means a total loss of

36 to 26 per cent of the fuel, 2j to 12 percent more

than should be lost, or otherwise expressed of nearly

5 to 2 tons of coal every twenty.

This table shows the percentage excess of air and

percentage loss heat with the gases escaping at 518° F.

for various percentages of CO, in the gases

:

Per cent CO2. 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Excess air. . . .850 530 370 280 220 170 140 110 90 70 00 50 40 30 20
Loss of heat.. 90 00 45 36 30 20 23 20 18 16 15 14 13 12 10

Nor are these apparatus solely applicable to the

regulation of combustion ; wherever an absorbable gas

as sulphurous or hydrochloric acids of chlorine is

evolved they, modified to suit the circumstances, can

be installed. This will permit of increased control of

chemical operations and consequently increased

economv.

THE POLLUTION OF STREAMS BY MANU-
FACTURING WASTES.-

William S. Johnson, sanitary and hydraulic engi-

neer of Boston, discussed the growing tendency on

the part of the public to resist all pollution of streams,

and the measures open to the manufacturers in dealing

with his part of the problem. Mr. Johnson said in

part:

In the case of streams the public is beginning to de-

mand something more than protection to health. It

requires that the stream shall become, as they will if

kept clean, the most attractive features in the neigh-

borhood. It is at the same time becoming better

understood that it is possible to have clean streams,

even in a region devoted to manufacturing, and that

the expense of securing this condition is not such as to

drive the manufacturer from the district. In fact, this

movement for clean streams is so widespread that the

manufacturer would have difificulty in finding a loca-

tion where he would feel certain that this demand
will not arise either now or in the near future.

It is certain that this public demand, enforced as it

has already been by the legislatures and the courts,

and the demand of the manufacturers themselves who
require clean water in the manufacturing processes,

will result in the necessity of keeping out of many
of our streams the most objectionable of the manu-

facturing wastes, and this has become one of the seri-

ous problems to be met by the manufacturer.

The simplest solution of this problem, so far as the

manufacturer is concerned, is to make where possible

a connection with the public sewers, transferring the

problem of the disposition of the wastes to the public

authorities, but this method of disposal is, in many
cases, impossible, and its feasibility in other cases

questionable.

In this country the tendency is rather to prevent the

discharge of any considerable quantity of untreated

manufacturing wastes into the sewers and to oblige

the manufacturer to construct independent works, or

at least to treat the wastes so that they will not

cause trouble in the sewers or at the disposal works.

The quantity of liquid wastes produced at a single

factory is frequently greater than the total quantity of

domestic sewage flowing in the sewers of the town

in which the factory is located, and the character of

the wastes may be such that they cannot be purified

in connection with the sewage, except at a very great

increase in the cost. The cost of the sewers and of

sewage disposal is largely assessed upon those benefit-

ing by the sewers and in proportion to the benefits re-

ceived. If a proper portion of the cost should be

assessed on the manufacturers, the assessment would
be in many cases enormous and enough to make such

disposal practically prohibitive.

Some wastes can undoubtedly be discharged into the

vewers without causing trouble, depending on the

character of the wastes and their volume as compared

with the volume of domestic sewage flowing in the

sewers. (3ther wastes can be discharged into the

sewers after some simple preliminary treatment with-

out causing trouble, but in perhaps the majority of

cases, where wastes cause trouble in the stream, they

are likely to cause trouble in the sewerage system,

especially if the sewage is purified.

]\Ianufacturing wastes vary very greatly in their

composition, and generally have quite diiYerent char-

acteristics from domestic sewage. In some cases the

wastes are very much more readily disposed of b\-

dilution than is domestic sewage, while in other cases

the effect of dilution is very much less. No fixed

rule can be applied to the amount of manufacturing

wastes of any given kind which can be discharged into

a stream of given volume, for the seriousness of the

pollution depends on the use to which the water is

put even more in the case of manufacturing wastes

than in the case of domestic sewage.

•From a paper presented before the Congress of Technology
at the 50th Anniversary of the Granting of the Chaiter of the
JIassachusetts Institute of Technology.

Corrosion of rails exposed to tunnel gases has been

found to reduce the life materially in the case of the

long tunnel at Sand Patch, Pa., on the Baltimore &
Ohio R. R., according to the Engineering Record.

This tunnel is 4,775 ft. long and is operated with

•double-track traffic on a single-track line. The inte-

rior condition is one of practically continual dampness,

with locomotive gases present. Plain Bessemer rails

have a life of about 18 months in the tunnel. Deteri-

oration proceeds in the flaking of a scale from the rail

until the edges of the base become quite sharp and

removal is necessary. Chrome alloy rails, substituted

for the Bessemer rail at the last renewal, have now^

been in service nearly three years. In addition to the

increased length of life resulting from the ability to

resist corrosion, the breakages in this latter class of

rail have been less than one-fourth of the number for

the plain rail, according to M. J. Corrigan, general

inspector of tunnels of the Baltimore & Ohio.
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PRODUCER GAS IN STEEL WORKS: A
SCOTTISH VIEW.

Tlie following abstract of a paper by Dr. C. Bone,

F. R. S., read at the recent meetino of the West of

Scotland Iron and Steel Institute is taken from The

Industrial World. In his paper Dr. ISone advanced

as his main principle that gas producer jilant for a

steel works should be so designed and operated as to

gasify the fuel as rapidly a^ possible, consistent with

a high thermal efficiency and the production of gas of

a cpiality best suited to the steel furnace. Moreover,

the plant should be capable of maintaining a uniform

quality of gas under considerable variation of load,

and of quickly responding to sudden increase in the

demand for gas.

It is the prevalent and the well-founded opinion of

steel-works managers that the most suitable gas for a

melting furnace is one containing not more than about

12 per cent of hydrogen, together with the highest

possible percentage of carbon monoxide. The reasons

whv carbon monoxide is more efficient as a furnace

gas than hydrogen, which, volume for volume, has

nearly the same calorific value, are still somewhat

obscure and the subject of contention.

Dr. Bone next dealt at length with the chemistry of

gasification in a producer, quoting among others Karl

Wendt's experiments with an air-blown producer, and

also with an air-steam producer.

The influence of successive additions of steam to

the blast of a producer was, adds Dr, Bone, the sub-

ject of prolonged investigation by Dr. Wheeler and

myself some few years ago, the results of which were

reported to the Iron and Steel Institute in 1908 and

1909. The plant placed at our disposal for these ex-

periments was of a modified Mond type with arrange-

ments for "superheating" the blast and saturating it

with steam at any desired temperature up to 80 de-

grees C. \\ e thus had command of a wide range of

conditions, and were able to establish a good many

points wdiich. it is hoped, will be of guidance to per-

sons controlling producer plants. The fuel used

throughout the e.xperiments was a Lancashire "wa.sh-

nut" coal, containing on the average: carbon = 78.0,

hydrogen =5.4. sulphur = i.o, nitrogen = 1.4, oxy-

gen = lo.o, ash ^4.2 per cent volatile matter (at 900

degrees C.) ^ 36.0 per cent.

The principal conclusions established 1)y this inves-

tigation may be summarized as follows

:

I—That with ordinary bituminous producer coal.

such as is usually employed in the North of England,

some 92.25 per cent of the total carbon in the fuel is

converted into permanent gas, i. e,, into o-xides of car-

bon and methane, .\nother 6.5 per cent leaves the

producer either as dense, tarry hy(lrt)carbons or as

soot, and the remaining 1.25 per cent is lost in the

ashes. These proportions are independent of the

steam saturation temperature of the blast.

2—That with steam saturation temperatures of

blast up to and including 55 degrees C, the whole of

the steam introduced mav be decomposed in passing

througli the incandescent fuel bed, the depth of which

need not exceed 3 ft. 6 ins. above the grate or blast

dome. .\s the blast saturation temperature is grad-

ually raised beyond the limit of 55 degrees C, a de-

creasing proportion of the steam introduced is decom-

posed, although the absolute amount decomposed may
increase. This is shown in the following table

:

Steam satiira- Lbs. of steam in Pet. steam
tiontempof blast per lbs. decomposed, Ll)s. of steam
blast Deg C. coal gasified. appro.x. decomposed.

45 0.20 0.20
.">ii 11.21 1011 0.21
:.."> U.:32 0.32

0(1 0.4-") about 8(1 OM
Cm tKor, 0.44

711 0,8(1 tiO 0.48

7."i l.io .jo 0.55

80 I..55 40 0.62

3—That "the best "furnace gas is obtained with a

blast steam saturation temperature of 50 degrees C.

Lowering the steam saturation temperature below this

limit has a detrimental influence upon the general

working conditions, without any compensating im-

])n)vement in the (|uality of the gas, while on raising

the saturation temjierature beyond 50 .degrees, the

quality of the gas, from the furnace standpoint, at first

gradualh', and afterwards rapidly, deteriorates owing

to the increasing production of hydrogen at the ex-

pense of the more effective carbon monoxide. More-

over, what is of great importance, the ])roportions of

carbon dio.xide. carbon monoxide, hydrogen and steam

in the gas generated with a steam saturation tempera-

ture of 50 degrees C, will correspond to those in equi-

librium at 1,200 degrees C, provided that the dew-

point of the gas leaving the producer is about 20 de-

grees C, which will be the case unless the fuel charged

into the producer is very wet. Hence the gas as gen-

erated under such conditions will not alter in compo-

sition during its passage through the furnace

regenerators.

4—That the thermal efficiency of the gasification

does not vary very much, if indeed at all, with increas-

ing steam saturation temperature up to about (5o de-

grees C. after which limit there is an appreciable and

steady falling off. Hence it would seem that the con-

ditions requisite for the generation of the best quality

of gas. from the furnace point of view, are also com-

patible with the maximum thermal efficiency.

5—That, given a suitable construction of grate and

blast arrangements, a very high rate of gasification

—
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exceeding^ 20 cuts, of tlry coal per hour per producer

of lo-ft. internal diameter (or, say about 300 poinids

per hour per S(piare foot of fire area)—can be con-

tinuousl)- maintained, night and day, without detri-

ment te> the quality of the gas or the general working

conditions. IMoreover, it is quite possible to vary the

load within very wide limits without appreciably alter-

ing ([uality of gas or impairing the efficiency of the

process. A producer which, with a suitable quality of

coal—i. e., not strongly caking or clinkering—will not

permit such rapid gasification or variation in load

without impairing the quality of gas, must be regarded

as in some way structurally defective.

I have already stated that, given systematic and in-

telligent control, together with a judicious selection of

the proper grade and quality of fuel, structural con-

siderations are of secondary importance. I do not

wish it to be inferred, however, that I underrate the

importance of a proper design of the producer and its

accessories. A good design, although in itself and

apart from intelligent control no guarantee of good

gasification, is assuredly a powerful aid to efficiency.

May I, therefore, conclude my lecture with some brief

reference to points of -design which experience has

shown to be advantageous to good working. If, in

illustrating my remarks, I refer to certain features of

value in types of producers now on the market, I wish

it to be understood that I have selected these particu-

lar types for the convenience of illustration only, and

not in anv way as wishing to advertise them. There

are other equally good designs which could be men-

tioned, for it is no part of my purpose to draw com-

parisons.

I—First of all, in designing an installation of pro-

ducers, it is of prime importance to insure that the

blowing and steam saturating arrangements are so

disposed as to be easy of adjustment. There can be

no doubt, I think, of the superiority of some form of

"positive" blower over the usual type of "steam air"

injector, and it is absolutely essential to good and con-

tinuous working that the mode of introducing the

steam should permit of an accurate adjustment of the

steam saturation temperature. Uniform composition

of the gas cannot be maintained if the steam satura-

tion temperature be not perfectly controlled. More-

over, preheating of the mixed steam-air blast before it

enters the producer is advantageous, in that it accel-

erates the gasification, and at the same time improves

the quality of the gas. Such preheating can be ef-

fected by some simple device permitting of a heat

exchange between the hot gases leaving the producer

and the ingoing steam air blast.

2. Having satisfactorily provided for a suitably

regulated steam-air blast, the next point is to emi)loy

some form of grate which will insure its uniform

distribution and rapid permeation through the lower

parts of the incandescent fuel bed. ^lany of the

"dome" grate arrangements in use are ineffective in

this respect, and personally I do not favor them. The

simple "Duff" grate is a better arrangement, but for

rapid gasification 1 know of nothing to equal the in-

verted and truncated conical bar grate of the iMond

producer, such as was eniployeil by Dr. Wheeler and

myself during the Warrington trials in 1906, and

which, in a modified and improved form, we have in-

corporated in a ])roducer patented in 1908. This

form of grate, with blast saturated with steam, and

preheated at 250^^ C, enabled us to gasify an ordi-

nary Lancashire nut coal in a producer of lo-ft. in-

ternal diameter at the rate of between 20 cwt. and

25 cwt. per hour continuously night and day over long-

periods of time—a performance which has not been

surpassed, if, indeed, equaled, with any other form

of grate.

3. From the point of view oi labor saving, as well

as of uniform quality of gas and general temperature

conditions in the producer, some form of mechanical

charging, insuring a continuous feed of the fuel and

its uniform distribution over the fuel bed, is to be

recommended. As an example of such a device may
be cited the well-known George feed of the Morgan
producer. This, if properly adjusted, is a valuable

adjunct to a producer. With intermittent charging,

the dumping into the producer of several hundred-

weights of raw coal has a rapid and considerable cool-

ing influence upon the upper layers of the fuel bed,

which is instantly reflected in the temperature and

composition of the gas evolved. If a recording pyrom-

eter be fixed in the gas outlet of an intermittentlv

charged producer and simultaneouslv records of the

COo content of the issuing gas be taken over a long-

period, the temperature of the gas will rapidly fall,

and its COo content rise after each fresh charge of

fuel has been added, and good working conditions are

only slowly re-established. Such irregularities disap-

pear when continuous charging is adopted.

4. Within recent years there has been a tendency

to depart from the former simplicity of grate con-

struction, owing to the introduction of mechanical

contrivances for the automatic removal of ash and

the diminution of clinker troubles. The quantity of

ashes to be withdrawn from a gas producer and the

frequency of their removal dejiend, of course, upon

the ash content of the fuel and the rate of its gasifica-

tion. There is something to be said from the labor-

saving point of view in favor of the continuous auto-

matic removal of ash, but the chief advantage to be

derived from the use of such contrivances ])robably

lies in the constant movement iniparted to the fuel

bed, which diminishes the tendency to clinker, and

facilitates the proper settling down of the charge. If

the rate of gasification of the fuel be fairly constant

hour by hour, it should be possible (with a continuous

and auton-iatic system) so to adjust the rate of ash

removal that it corresponds exactly with its rate of

formation, and so keeps the lowest layer of the actual

fire at a constant height in the producer. But where

the rate of gasification is subject to much variation,

"this advantage could only with difficulty be n-iain-

tained.
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Producers with revolving grates must be regarded

as still in the experimental stage, although it is claimed

that good results are being obtained with the Kerper-

ley producer which has lately been introduced into this

country from the continent. The chief features about

this producer (which may be cited merely in illustra-

tion of the trend of recent constructional enterprise)

are its lower water-cooled casing around the ash zone

and its slowly revolving eccentric grate. The cold

walls in the ash zone of the producer are said to pre-

vent the sticking of fused clinker to them, and the

continuouslv revolving grate crushes any clinkers that

may form, and removes them automatically with the

ash. Such an arrangement enables a producer to be

worked with blast saturated with steam at a lower

temperature than would be feasible in the case of an

ordinary type of producer, and figures have been pub-

lished respecting regular working with as low a steam

.saturation temperature as 35° C. But if the arguments

advanced in the earlier part of my lecture are valid,

there is no advantage at all, from the furnace point of

view, in a steam saturation temperature lower than

45° to 50° C.

The rate of gasification of a lo-ft. Kerperley pro-

ducer is apparently about 16 cwt. to 17 cwt. per hour,

which although an advance on many other forms of

producers, is nothing exceptional, and it has been sur-

passed even with fixed-grate producers. With a steam

saturation temperature 35° C the composition of the

gas produced is given as follows

:

CO„ = 3.8, CO= 27.2, H„ = 9.7, CH, = 3.i. and

No = 56.2 per cent. Total combustibles = 40.0 per

cent.

Calorific value in B. T. U.'s per cubic foot at 0° and

760 mm., gross = 159.0, net == 150.0.

It has sometimes been claimed that thu employment

of revolving grates and the like for the automatic re-

moval of ash means higher rates of gasification and

greater thermal efficiency than with a good type of

fi.xed grate. It is doubtful whether any such claim

can be sustained, and, judging from such figures as

has come under mv notice, it seems inadmissible.

CONTAMINATION OF LABORATORY SAM-
PLES BY IRON DERIVED FROM

CRUSHING MACHINERY.*

By GEORGE A. JAMES.

The Citv Council of Bradford, luigland, is reported

to be the owner of a new process of dyeing, which is

expected to be of the greatest commercial value. Three

vears ago Bradford Technical College appointed Dr.

H. H. Hodgson as lecturer on chemistry with the

specific duty of carrying on investigations in applied

chemistry which should keep Bradford as an indus-

trial community abreast of modern developments.

P'rofessor Hodgson is understood to have discovered

a new dye stufT. which has been provisionally protected

under the patent laws, and meanwhile the City Coun-

cil has been called upon to decide what shall be done

with this new municipal asset.

\'ery few chemists realize to what extent iron is in-

troduced into pulp by the abrasion of the faces of the

crushing machinery. Even experienced mining men

whom one would expect to be conversant with the fact

that stamp batteries are heavy consumers of iron, fre-

quently overlook the fact that iron is a necessary con-

stituent of battery pulp, and when in panning down a

sample they come across a heavy black substance in

the concentrate, they at once jump to the conclusion

that they have tungsten, tellurium, iridium, or some

other rare metal present and at once call for an analy-

sis to classify it. It might be said to be an almost daily

experience in a large assay office to be called up>on to

make a determination of an unknown for some one

who imagines he has discovered a rare compound in

his ore, when in reality he has merely concentrated

out some of the iron derived from his crushing ma-

chinery.

Carbon is a constituent of iron, and in crushing rock,

the carbon is to a certain extent liberated and its pres-

ence is frequently made known by the formation of a

scum on the surface of the water in panning. It is

this carbonaceous scum that is frequently mistaken for

silver sulphide or some other dark colored mineral

notorious for its sliming propensities.

It is the purpose of this paper to draw attention to

the fact that the amount of iron introduced into labora-

tory samples bv fine grinding has an important bear-

ing on the accuracy of the work, whether it be of an

analytical nature or the determination of a method for

treating the ore.

The extent to which abrasion takes place is deter-

mined principally by the character of the material

crushed and the hardness of the grinding faces. Soft,

talc-like material, as one would expect, causes very lit-

tle wear on the iron, while tough, flinty quartz pro-

duces an abnormal loss. From carefully conducted

experiments I have found that in reducing an ore to

eightv mesh in a disk grinder, from 0.25 to 3 per cent

of iron is added to the sample. In stamp mills the con-

sumption of iron averages from i to 2 lbs. per ton of

ore crushed. In regrinding in pans the wear amounts

to from 3 to 8 lbs. per ton. clearly showing the heavy

increase in the consumption of iron when attempting

to produce a fine product.

The introduction of iron into a sample is frequently

productive of serious results. In smelter work, where

the practice is to reduce the sample to 120 mesh or

finer, I have frequently seen charges which were made

up according to analysis of such samples give great

trouble, and no one apparently seemed to be able to

assign a reason for the failure of the charge to work.

•From Tianactions American Metallurgical Society as
printed in The Pacific Miner, the official organ of the Society.
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1 recall a case where a clieniisl in charge of a smelter,

weighed his charges out to the nearest pound, and had

all of the lahoratory pulps put through an excessively

line screen. L'ntil his attention was called to the mat-

ter, he failed U> understand the reason why his fur-

naces gave so much trouble. In smelter work, the

error, it will be noticed, is twofold: it increases the

apparent contents in iron, and decreases the seeming

amount of silica to be flu.xed.

-As a rule dry ores received by ore purchasers pos-

sess the greatest value and consequently bear the Iiigh-

est treatment charges. It has been noticed that these

ores are the most abrasive ones, a point which pos-

sesses considerable importance when it is remembered

that in order to get it through a 120-mesh sieve it is

necessary to salt it with 2 per cent iron. This fact is

well known to smelters and when the seller insists on

having the sample representing his shipment put

through an extra fine screen he never meets with op-

position. The ])rofit which the smelter derives from

samples innocently salted by tine grinding must be con-

siderable in the aggregate.

In preparing large samples of commercial products,

such as limestone, magnesite, cla\s and glass sands, for

analysis, the difficulty of preventing contamination

with iron, and the serious results w-hich may follow

should the iron find its w-ay in, may be readily appre-

ciated. The introduction of a very small fractnonal

percentage of iron into a clay or glass-sand analysis

may result in the rejection of what might be actually

an e.xcellent grade of material. In carbonic acid de-

terminations, the effect of iron would be to generate

hydrogen during the acid treatment, which would of

course lead to erroneous conclusions.

In conclusion I would like to say that the introduc-

tion of iron into laboratory samples by the abrasion of

grinding faces is a matter deserving of serious consid-

eration on the part of chemists. The trouble might be

overcome by substituting silex grinders for iron ones,

but it is quite likely that an error of equal if not great-

er magnitude woidd Ije caused by their use because of

a greater tendency to disintegrate. There is no data

available on the subject, and it might be well to look

into it. .Vside from silex grinders, there seems to be

little choice of any other material outside of iron or

one of its alloys. It is quite possible that by using

manganese steel faces, the abrasion might be reduced,

and it would be well to investigate the use of this

material.

USE OF PIG IRON MIXERS IN IRON AND
STEEL PLANTS.*

Experiments recently made in the iron works at

Lithgow with certain ore taken from the Mudgee
district of New South Wales have proved extremely

satisfactory, the ore averaging 42 per cent pure iron.

The quality is so good that the owners of the works

have made application to the railroad for a daily

train to convey the ore to Lithgow. It is stated that

there is sufficient ore in sight to keep the Lithgow

works going for years.

In the issue of Stahl und Eisen for March 9, iQii,

appeared the last of a series of articles on pig iron

mixers by Prof, O, Simmersbach of Breslau. The

previous articles gave details of design and construc-

tion, but the last article is especially interesting

because it presents the metallurgical results obtained.

DESULPHURIZ.\T10N.

The most important of these is probably the desul-

phurization, which is effected equally well in heated

or unheated mixers. A considerable removal of sul-

phur, however, "is brought about in the ladle, while

coming from the blast furnace. For example, in a

750-ton mixer, that was not heated, to which good

basic pig iron containing i.i to 1,3 per cent manganese

was brought over a considerable length of track, the

follow'ing results were shown :

Per cent.

.\verage sulphur at blast furnace 0.2-54

.\verage sulphur entering mixer O.lDit

.-\verage sulphur entering converter 0.084

-\verage sulphur of finished steel O.ifrj!

The average analysis of the mi.xer metal for over four

days was

:

Silicon 0.49 Manganese 1.06

.Sulphur 0.085 Phosphorus 1.98

It was used in the basic Bessemer converter. This

shows that 76.24 per cent of the sulphur removed was

taken out during transportation : 7.29 per cent in tlie

mi.xer, and the rest in the vessel, .\nother test gave

0.25 per cent in the original iron, 0.122 on entering

the mi.xer, 0.113 on entering the converter, and 0.058

in the finished steel. When the iron contained less

manganese, less sulphur was removed during trans-

portation, tlie same amount in the mixer, and there-

fore more had to be removed in the vessel.

IIE.\TED iMIXERS.

In the case of an English 200-tou mixer, in which

preliminary refining was done, the following results

w-ere obtained

:

The mixer was heated with producer gas and air,

the air alone being preheated. Tlie incoming pig iron

had about

:

.Silicon ...1.4 Manganese 1.00

.Sulphur 0.14 to 0.17 Phosphorus 0.80

Ore and lime were added : slightly less than yi per

cent ore and i^-j per cent lime. The average tempera-

ture on entering was 1245 deg. C, an<l on leaving 1350

deg. The average removal of silicon over a period

of five weeks was 30.29 per cent and of sulphur 50.54

per cent. The desulphurization was brought about by

the high temperature and also 3 per cent manganese

contained in the ore. The manganese in the iron re-

mained the same, or slightly increased, which was also

true of the phosphorus.

In the case of another heated mixer, so much ore,

roll scale, and lime were added that the silicon was

*From Tile Irtiii .Xge.
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completely removed, and the manganese and plios- THE RESEARCH AND CHEMICAL LABORA-
phorus to a large extent. The pig iron and mixer TORIES OF FRIED. KRUPP.
metal had the following composition :

Pig iron. Mixer metal The new laboratories of Fried. Krupp, at Essen,
Carbon 3.50 - 3.0i ,. .

i i r i i-

Mano-anese 2.60 0.."i4
Liermany, embrace not only those for the ordmary

Silicon 0.36 ... chemical work of the plant but very well equipped
Snlphur ii.lO 0.04 . ' . .",,,
Phosphorus 11.125 0.(162 '^"^^ ^°'' chemical, metallurgical and physical research.

.\fter a discussion <,f the part plaved by manganese ^''^ laboratories were started as long ago as 1863,

in the removal of sulphur comes a series of curves
'"'^^^ ^'^O' l^-'g^'y extended in 1883. and in 1895 a spe-

giving the results obtained for a vear with a mixer "'^^ building was found necessary for physical testing.

heated with blast furnace gas and hot air. No slag- ^" connection with this latter laboratory, four years

making materials whatever were added. The phos-
1=>^^'"- ^'^^ ^'^^ microscopic laboratory in Germany was

phorus in the pig iron varied from 1.92 to 2.13 per
'"-^tituted. Ihe chemical laboratories in 1910 made

cent. Only a verx- small amount was removed, and ^^^'-'^^ estimations. The present new structure,

sometimes a slight increase could be noticed. The '''^'"'^' '^°"^^* ^" *^*e departments, consists of a main

silicon varied from 0.56 to 0.77 per cent in the pig
building with two large side wings, covering a ground

iron. A considerable part was removed, amounting in
""'"'^^^^ °^ 39>i^7 sq. tt. The total floor space is 118,-

some cases to 15 per cent. The manganese in the pig -^°° ^^l- ^^- "^'^^ northern wing is entirely occupied by

iron varied from 1.48 to 2. 11 per cent. It showed a
^^'^ chemical laboratories, m winch the following divi-

consistent decrease, am, .nnting in some cases to 9 per
*'0"* ^^^ observed: A—steel analysis; B—special

cent. Finally, the sulphur in the pig iron varied from Products, ore, etc.
;
C-gas, water analysis, etc.

;
D-

0.059 to 0.085 per cent, and was lowered in every case.
^"' testing; E—powder testing. The chemical-physical

Theremoval varied from 21.4 to ?8. 1 per cent.' ^*^^""S laboratories are divided into chemical and

The thorough mixing and preliminary refining that
P^.vsical divisions. The mam chemical laboratories are

may be brought about in a mixer make it applicable to
^"^ ^^'^ ''o^tme work, while these are for the special

all steel making processes and also to fcnmdrv work.
'^^^'*- ^^^- ^lie physical division embraces metallo-

For acid Bessemer work its chief usefulness' is as a
graphic testing, metallurgical testing, and physical

collector, and often iron is needed to recarburize a
te.stmg proper,

charge. The silicon in the iron is necessary for the

operation, and so should not be lowered. According to the American Gas Light Journal.
opEX-HE.\RTH WORK. rccent investigation of present day practice in gas

There is a wider sphere of usefulness in the acid houses reveals the fact that the successful operation of

open hearth. Here the excess of silicon may be re- water gas sets largely depends primarily upon con-

moved in the mixer which prevents too stiff a slag in stancy of volume of air supplied the generator, not

the later process. The phosphorus also can be low- upon constancy of pressure. By furnishing a constant

ered. In these ways the time of the operation is volume at high pressure the blast period is cut down,

sliortened, and less iron is lost in the slag. In the permitting a longer "making period," which results

basic Bessemer its importance has been widely recog- in a material increase in the capacity of the gas gen-

nized and is well known. In the basic open hearth the erator. To maintain this constant volume, regardless

mixer could serve as a desiliconizing apparatus, and of the varying resistances of the fire, a gate or ture

at the same time large amounts of sulphur, phos- pierced disk will serve, although the \'enturi tube is

]jhorus and manganese would be removed. This would coming into general use. The constant volume is a

furnish a very suitable material for the open-hearth result of maintaining a differential of pressure

furnace, shortening the time of the operation. through the tube; in other words, if the drop of press-

If the mixer process was so carried on that only a ure is kept constant, the volume per any given unit of

small amount of phosphorus was removed, then the time will be a constant ; therefore, a valve is placed in

open-hearth slag would be correspondingly richer in the tube to open or choke the pipe as much as is neces-

this element and more valuable as a fertilizer. This sary to maintain the constanty of the pressure drop,

also follows because of the absence of the other metal- To operate the water gas blowing set for these condi-

loids. If, on the other hand, most of the phosphorus tions, the speed is maintained to deliver the maximum
was removed in the mixer, then the pure open-hearth volume required at a pressure which will drive the

slag could be used in the mixer together with the lime desired volume through the fire, regardless of the

and ore necessary. The greatest thing, however, is existing back pressure due to clinkering, etc. To run

that the life of the open-hearth furnace would be in- a blower at such high speed requires, in the case of a

creased, for the foaming and boiling of the metal steam driven set, that the turbine be developed for this

would not be so lively or continuous. In this way special service, capable of giving a blast pressure con-

much less basic slag would be thrown up and carried siderably over 30 ins. W.G. In some recent tests with

by the gases against the acid walls, roof and ports, and very large blowers, driven by Terry turbines, over 40
into the slag pockets and regenerators. ins. W.G. was maintained.
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CORRECTIONS FOR THE EFFECTS OF AT-
MOSPHERIC CONDITIONS ON PHOTO-

METRIC FLAME STANDARDS.-

The eitects of variatiun of the pressure, ilegree of

humidity aiul x'itiation (deficiency of oxygen and ex-

cess of carlKMi lUoxide) of the atmosphere on the

luminous intensity of flames cannot he determined

from the variations naturally occurring in an ordi-

nary photometric testing room, except perhaps by de-

duction from the data obtained in a very prolonged

series of observations made with exceptional care con-

currently with extremely accurate determinations of

the composition of the air. But in ordinary circum-

stances large variations, especially of one condition

independently of the others, are necessarily rare, and

the majority of the observations thus made will be of

little or no utility in the investigation. Hence the ulti-

mate conclusions even in this case will rest chiefly on

a comparatively small proportion of the observations,

and, therefore, unless the work has been extended

over a very long period, on only a small number of

them. The investigation may be carried out in a much
shorter space of time and with greater trustworthiness

if the observations are made in a room or chamber

provided with means by which one set of conditions

may be varied at will to any desired degree almost or

wholly independently of the other two sets of condi-

tions. The authors have made the investigations of

which the results are reported in this communication

in such a room or chamber.

THE STEEL COM PRESSIO.V CH.VMIiEK AXD ITS EOUH'-VIENT.

The efifects of variations in the atmospheric pres-

sure on the light afforded by the Harcourt lo-candle

pentane lamp, and by the Hefner amyl-acetate lamp,

were first studied. For this portion of the work, and

for some of the later investigations also, use was made
of a steel compression chamber, designed primarily for

physiological research on "caisson" disease or diver's

palsy and mountain sickness. This chamber, which

had been presented to the Lister Institute of Pre-

ventive Medicine by Dr. Ludwig Mond, F. R. S., was

kindly placed at the disposal of the authors by Dr.

Martin, the Director of that Institute. It is a short

boiler of J-J^-in. (i6 mm.) plate resting on its side;

the ends are slightly dished steel plates 3^-in.

(13 mm.) thick. Inside it measures 7J^ ft. (2.2Q

meters) in length by 7 ft. in diameter {2.13 meters)

'A paper read at the meeting of the Intel-national Pliotometiic
Commission, Zurich, Julv. 1911, bv W. .). A. Butterfield, F.I.C.:
.). S. Haldane. M.D.. F.R.S., and A. P. Trotter, M. Inst. C. E.

and ha> a capacity of 33O cu. fl. ( i),5oo litei's). In

one entl is an elliptical manhole 24 by 15 ins. (6oy by

381 mm.), the cover of which is secured by lai'ge

bolts and can be readily fi.xed or removed from out-

side the chamber. In addition to four spring valves,

the chamber is provided with three simple valves by

means of which the pressure can be completely con-

trolled either from inside or outside. The pressure is

raised or reduced by a simple compressor driven by a

gas engine, and it can be raised when required at the

rate of about 2 pounds per square inch (about 0.133

kilo, per sq. cm.) per minute. The circulation of air

maintained by the pump was sufficiently rapid to pre-

vent serious vitiation of the air of the chamber when

two observers were present in it. The Harcourt lamp,

when used, was placed below a hood directly con-

nected with the outlet air-way from the chamber, so

that the greater part of the products of combustion of

the pentane did not mi.x with the air in the chamber

before they were extracted from it. The efficiency of

the ventilation of the chamber was checked by a deter-

mination of the proportion of carbon dioxide in a

sample of the air taken while each set of photometric

observations was in progress. These determinations

were made by means of the portable ai^paratus for

the determination of carbon dioxide in air deviseil

by J. .S. Haldane {z'ide Journal of Hygiene. 1901. I.

109). In the subsequent investigation of the effects

of atmospheric vitiation cm the light afforded by the

Harcourt antl Hefner lamps, the proportion of oxygen

in the air was determined by means of the portable

form of gas analysis apparatus devised by J. S. Hal-

dane {Journal of JJygienc. \cp6, \'I, 74). When
necessary an electric fan was used in the chamber to

keep the air well mi.xed.

The chamber was provided with electric light and

electric heaters, and a telephone communicating with

outside. There were small, stout glass windows in the

ends. Two benches were arranged in the chamber.

On one of them the photometer, with an electric

standard lamp and the flame standard, were set uj).

while the other was used for the air analysis apparatus

and accessories. The degree of humidity of the air

was ascertained by means of an .\ssmaiui hygrometer

(vide Zeits. fiir Instrumentcnkunde. 1892, XII, i)

which consists broadly of wet and dry bulb ther-

mometers, over which a regulated current of air i^

drawn by means of a clockwork fan. A simple U
mercury manometer, one limb of which communicated

with outside, was used for measuring pressures above

normal, and the pressures below normal were read mi

a standard mercurv barometer inside the chamber.
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DESCRIPTION OF THE ELECTRICAL .-M'PARATUS USED.

A small electric lamp was used as a standard. It

was mounted on a carriage guided by V notches. A
rod attached to the carriage, as in the Gas Referees'

photometer, was used to adjust the position of the

lamp. A scale was carried on the rod, and an index

was fixed to the photoped.

For setting the filament of the electric lamj) as ex-

actly as possible at a measured distance from the

photoped, metal plates pierced with vertical slits were

fixed on each side of the lamp. The lamp having been

removed, a thin steel rule was passed through these

slits to form a stop for a measuring rod 30 cm. long;

the other end of the latter rested against the face of

the photoped. The steel rule and the measuring rod

having been removed, the lamp was set up between the

slits and its position was adjusted until the filament

was as nearly as possible in the plane of the slits.

This setting was inspected from time to time, but after

about twenty sets of observations had been made it was

found that the filament had warped, and that the

warping was introducing an uncertainty of about 2

per cent in the later sets of observations of the first

series.

As no large battery of accumulators was available

during the first series of experiments for giving a

steady supply to an electric lam]), portable accumulat-

ors were used, and an osram lamp intended to give

lo-candlepower at 10 volts was tried, and was sup-

plied by six accumulators controlled by an adjustable

resistance. But a comparison with the pentane lamp

showed that the colors of the lights differed too widely

to make accurate photometry possible until the light of

the electric lamp had been reduced to about i candle.

It was hoped that a metallic filament lamp thus used

would have an enhanced "life," or, in other words,

would vary less by ageing than if worked at 10 candles.

But the result was disappointing. It might have been

better if the lamp had been worked at constant volts

;

but with the view of eliminating the effects of imper-

fect contacts, adjustment was made for working at a

constant current. Another defect in the arrangement

was the use of the electric lamp with the filament erect

instead of hanging downwards. Notwithstanding the

low candle power at which it was worked, the filament

warped as has been mentioned.

The lamp took about 0.66 ampere. The exact value

of the current was of no ini])ortance, but when once

settled it was carefully maintained.

The arrangement used is shown in Fig. i. The lamp

L was supplied with current from the 5-cell battery B,

the circuit was completed through an adjustable rheo-

stat of carbon plates R, a manganin wire [F of about

1.54 ohms resistance, and an ammeter A. In parallel

with the wire W, a circuit contained a reflecting gal-

vanometer G. a Weston cadmium cell C, and a double

key AT,. A light pressure of this key completed the

circuit through the high resistance R„. which saved the

cell from injury in case the lamp circuit was not com-

pleted. When an approximate adjustment of the cur-

rent had been made, the key was pressed hard down
and kept closed. Another circuit contained a resist-

ance of 1,000 ohms, i?3, and a key A',. When the cur-

rent was adjusted and the galvanometer G indicated

zero, closing A';., gave a deflection corresponding to

0.35 per cent dift'erence of current. The current as a

rule was kept steady within about one-tenth of this

amount.

In the second series of experiments, a large battery

being available, a Fleming-Ediswan photometric lamp

standard was used, giving 10 candles at 60-05 volts

with 0.7577 ampere. This gave no difficulty. The
lamp holder was double-wired, and the volts were

measured with a potentiometer.

SCOPE OF THE INVESTIG.VTIONS.

The investigations were undertaken primarily to

establish the corrections applicable to the Harcourt

pentane lo-candle lamp when the atmospheric condi-

tions were other than normal. It seemed desirable,

however, while the arrangements for making such in-

vestigations were available to extend them to the

Hefner amvl-acetate lamp. Also a few observations

B A
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that he found for lo mm. variation in pressure 0.2 per

cent variation, in the light. The authors have tliere-

fore found that, about the neighborhood of normal,

variation of pressvire has only half the effect on the

light of the Hefner lamp which it has on that of the

Harcourt; but. on the other hand, that it has for the

Hefner lamp four times the effect shown by Lieben-

thal's formula, which has been very generally accept-

ed. The facts that the effect of small barometric

changes, such as Liebenthal had available, is small

compared with the effect of the unavoidable changes

in the proportions of aqueous vapor and carbon diox-

ide in the air. and that the proportion of the latter was

not ascertained by Liebenthal, indicate that his for-

mula for the correction to be applied to the Hefner

lamp for variations of barometric height does not rest

on acceptable data. The authors ascertained the pro-

portions both of aqueous vapor and carbon dioxide in

the air during the observations, and applied correc-

tions to eliminate their effects, while the greater range

of barometric change which they had at their disposal

reduced the effect of unavoidable errors of observa-

tion on the final result. For these reasons, they be-

lieve that their figure of 0.4 per cent should now
be accepted in preference to Liebenthal's o.i per cent

for the effect on the light of the Hefner lamp of a

change of 10 mm. in barometric pressure in the neigh-

borhood of 760 mm. In regard to the effect of vari-

ations of pressure in other regions of the barometric

scale, the curve found by the authors coincides fairly

well with the results of observations made by Lieben-

thal in pneumatic chamber, in which results, however,

he appears to have placed but little reliance because of

the presence of a number of disturbing factors.

CORRECTIONS FOR VARI.\TI0XS IN AT.MO-SPHERIC H T-

MIDITY.

The experiments made to determine the effect of

variations in the humidity of the air on the light af-

forded by flames were carried out partly in the steel

chamber already described and partly in a small room

at the Ethical Standards Laboratory of the Board of

Trade at Xo. 8 Richmond Terrace. Whitehall. London.

This room was 4.03 meters (13 ft. 2^ ins.) long.

1.975 meters (6 ft. 5^ ins.) wide, and 2.45 meters

(8 ft. 1/2 in.)- high. There was no pump for renew-

ing the air of this room, but a hood attached to a flue

pipe passing through the wall of the room was placed

over the lamp, the heated products from which created

a strong draught through the flue pipe. The propor-

tion of aqueous vapor in the air was increased as re-

quired by passing steam into the chamber or room
from a small boiler placed outside it. A large range in

the proportion of aqueous vapor in the air was secured

by choosing dry. cold days, on which observations of

the light of the lamps when the humidity was low.

could be made. The chamber or room having been

heated by electric heaters, the air was then nearly

saturated with steam at the high temperature. The
range of humidity thus secured was from about i per

cent to over 4 per cent by volume of aqueous vapor

in the air. Sets of observations on the Harcourt

lamp showed that a change in the temperature (>er se

of the air from 8° C. to over 20° C. had no definite

effect on the light afforded. The steam introduced

was well disseminated in the air of the chamber or

room by means of an electric fan. In one set of ob-

servations, greater initial dryness of the air was se-

cured by exposing trays of granulated calcium chloride

in the room for 12 hours, while circulation of the air

over the trays was maintained by the fan. The results

of observations were in all cases corrected for varia-

tions in the barometric height and in the proportion of

carbon dioxide in the air. The results showed that

the light of both the Harcourt and Hefner lamps de-

creases by I per cent for an increase of 0.16 per cent

in the aqueous vapor in the air or that an increase

of I per cent in the aqueous vapor in the air is at-

tended by a decrease of 6.25 per cent in the light of

the lamps. Liebenthal found 5.5 \>er cent for both

lamps [Zeits. fiir Instrwiientenkiindc. 1895, X\', p.

157, and Praktische Photometric. ]ip. 118 and 128),

while Paterson has found 6.6 ])er cent for the Har-

court and 6.0 per cent for the Hefner lamp (Jown.

Proc. Inst. Elect. Engineers. 1907, XXX\TII, pp. 276,

2y/) as the decrease in the light caused by i per cent

increase in the aqueous vapor in the air.

CORRECTIONS FOR VITIATION OF THE ATMOSPHERE BY

COMBUSTION.

Experiments made to determine the effect of differ-

ent degrees of vitiation of the atmosphere on the light

afforded by flames were made on air vitiated, partially

by breathing and partially by the combustion of pcn-

tane or illuminating gas. The ratio of carbon diox-

ide produced to oxygen consumed differs according to

the composition of the fuel consumed, and the compo-

sition of vitiated air will, therefore, differ according

as the vitiation arises wholly or mainly from breath-

ing, from the combustion of a hydrocarbon body such

as pentane. or of the mixture of a number of com-

bustible gases, in which hydrogen predominates, which

constitutes ordinary town illuminating gas. In the

experiments made by the authors, the proportions of

both carbon dioxide and oxygen in the vitiated air

were determined by analysis, and the somewhat com-

jjlex results obtained will be dealt with more fully in

a subsequent communication. But taking the propor-

tion of carbon dioxide in the air as the sole measure

of vitiation caused partially by breathing, but mainly

by combustion of paraffine hydrocarbons or town gas.

it was found that i per cent decrease in the light of

the Harcourt lamp was caused when approximately

0.035 P^'' '^^^^ of carbon dioxide was present in the

air, and in the light of the Hefner lamp with 0.045

per cent. Or the presence of o.oi per cent of carbon

dio.xide in the air was attended by a reduction of 0.29

per cent in the light of the Harcourt, or of 0.22 per

cent in the light of the Hefner lamp. In the experi-

ments on which these figures for the Harcourt lamp
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are baseil. the pruixjrtioii of carbon dioxide in the air

ranged from 0.09 per cent to 2.54 per cent, and of

<i.\ygen from 20.80 per cent to 17.40 per cent. With

2.54 per cent of carbon dio.xide and 17.40 per cent of

o.xygcn. the tlame of the Harcourt lamp was bhie and

practically non-ilhmiinating. The diminution in light

is fairly uniformly proportional to the increase in the

amount of carbon dioxide up to about 2 per cent of

the latter, i. e.. the curve given by the figures i.s

nearly a straight line to that point. The experiments

on the Hefner lainp were not made over so wide a

range as those on the Harcourt lamp.

Some observations were made in an atmosphere in

which the carbon dioxide was gradually increased by

combustion to 1.87 per cent while the oxygen in the air

was maintained approximately at the normal per-

centage by a supply from a cylinder of compressed

oxygen. These observations have no direct bearing on

the efifect of an ordinary vitiated atmosphere on the

light of the lamps ; but the results are interesting

from a scientific standpoint, and will be published

later.

GEXEUAL lOR.MUL.K 1X)R CORRECTIONS.

The corrections found for the Harcourt and Hef-

ner lamps may be applied thus

:

Let A= the accepted normal percentage of aqueous

vapor in the air.

Let C == the accepted normal percentage of carbon

dioxide in the air.

Let P ^ the accejited normal pressure of the air in

millimeters.

Let a = the prevailing percentage of aqueous vapor

in the air when the lamp is in use.

Let c= the prevailing percentage of carb(jn dioxide

in the air when the lamp is in use.

Let p = the prevailing pressure of the air when the

lamp is in use. then the actual light (I') of the lamp at

the time, expressed in terms of its light (I) in normal

conditions will be found with sufficient accuracy for all

practical purposes from the equations

:

For the Harcourt lamp

:

a — lA c

100

I':

(a — A c— C p — P\

0.16 0.035 1-5 /

100

For the Hefner lamp

:

a— A c— C p—

P

100

0.16 0.045 25.0

I'=-
{ )

100

EFFECT OF VARI.VTIONS IN THE .\TMOSPHERIC CONDI-

TIONS ON THE LIGHT OF GAS AND CANDLE FLAMES.

The results obtained in the observations made on

the flames of the No. 2 ".Metropolitan" argand, and

"G 15"

the liray — 5 feet — slit flat flame gas burners,

L 10

when consuming the gas supplied in Chelsea and

Westminster by the Gas Light and Coke Company,

and on the flame of the English parliamentary stand-

ard spermaceti candle, must not be accepted as so

trustworthy as those given for the Harcourt and

Hefner lamps because they are based on fewer obser-

vations. These results are, therefore, given with

reservation in the following tabular statement

:

Ojie per cent decrease of light is caused approxi-

matelj' by the following changes from normal.

Aqueous Vitiation ex-

Pressure. Vapor pressed by per

mm. Per cent. cent CO2.

No. 2 Metropolitan argand gas — _'; -|- O.L'il -)- 0,03

Flat flame gas — 5 -|- 0.11 -1-0.035

Spermaceti candle — 20 + 0..50 + 0.04

These results indicate that small variations in the

atmospheric conditions of a gas testing room will not

appreciably affect the results of photometric compari-

sons in which the Harcourt or Hefner lamp is used

as the standard of light, and that these standards will

give as accurate results as are anyhow practically ob-

tainable in determinations of the illuminating jjower of

gas, if they are used in all ordinary circumstances

without correction for any divergence from normal

atmospheric conditions. In other circumstances, how-

ever, as in the testing of electric lamps by a flame

standard, corrections are called for.

THE DIVISION OF THE WORK OF OBSERV.XTION.

The whole of the work involved in the investigations

has been carried out by the authors personally. The

work of making the observations as shared in this

way : W. J. A. Butterfield remained in the experi-

mental chamber or room and made all the photometric

readings and a few air analyses, etc. ; J. S. Haklane

was also in the chamber or room except on a few oc-

casions when the ventilation was inadequate and the

presence of a second observer would have caused un-

desirable vitiation of the air ; he made nearly all the

analyses of air and readings of the hygrometer and

other accessory apparatus in the chamber or room,

controlled the atmospheric conditions therein and

generally directed the course of the investigations

;

while A. P. Trotter had entire charge of the electric

standard lamps used and controlled them from outside

the chamber or room. When variations in the light

of gas flames were being investigated, A. P. Trotter

also made, simultaneously with the observations prcv

ceeding in the experimental room, observations of the

illuminating power of the gas on a photometer which

had been set up outsitle the room, in order that due

allowance might be made for fluctuations in the illu-

minating power of the gas. The electrical and some

of the photometrical apparatus was ])rovided and

arranged by him.
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VOLUMETRIC DETERMINATION OF PO-
TASSIUM BY THE COBALTI-NITRITE

METHOD.*

By O. M. SHEDD.*
The writer, in making some determinations on the

fertihzer samples sent this year by the referee on pot-

ash of the Association of Official Agricultural Chem-
ists, obtained such interesting results in using the co-

balti-nitrite method as modified by Drusher for the

determination of potassium that it was decided to pub-

lish a summary of them, since they throw much light

upon the best conditions for applying this method.

The accuracy of this method has been considerably

discussed of late and it has been cunsidered of suf-

ficient importance to have been recommended to the

above-named association for co-operative work liy the

referee on potash and also by the referee on soils.

Drushel in his original article had published some re-

sults obtained with this method of fertilizers and rec-

ommended it for tliis inirpose. and his method, with

a slight modification by Bowser," is the one proposed

for study this year. (Jn the other hand, the writer"

has proposed it in connection with the J. L. Smith

method for tlie determination of total potassium in

soils and has obtained very good results in this man-

ner. Later on, further work^ by the writer and others

was presented to the association at its annual meet-

ing last year with the result that this method has been

taken up by the referee on soils. Incidentally, it

might be of interest to mention that the writer has

obtained very good results in using this method on

the soils sent this year by the referee on soils for co-

operative work.

In the method, as proposed for soils, a change was

made in the outline as given by Drushel which, while

it may seem of small importance, is very essential in

the application of the method. Drushel had recom-

mended that the solution (apparently not restricting

the volume) at the proper point was to be slightly

acidified with acetic acid and a liberal excess of the

sodium cobalti-nitrite reagent added and evaporated

to a pasty condition on the water bath. On the other

hand, the writer in his article had recommended that

the volume should be concentrated to about 5-10 c.c.

before adding the nitrite reagent. That this is the

best condition under which to w'ork will be shown

later, and it is not necessary to discuss it here, except

in a general way. The nitrite reagent being unstable

at room temperature and especially so on heating, the

method that completely precipitates the potassium

when the reagent is added with the minimum amount

of heating, of course, is the one to be preferred.

Again, when the dilution is too large, the nitrite re-

agent is all decomposed on heating before the potas-

sium salt is precipitated and consequently low results

•From the .Tournn! of Industrial and Engineering Chemistry.
tKentiickv .\?rlcultura1 Experiment Station.
"Chem. News, 97, 124 (190S).
Journal of Industrial & Engineering Chemistri-, 1, 791
'Ibid., 1. 302.
*A. O. A. C. Proceedings. 1909.

will be obtained. l''inally, the potassium salt itself is

acted on to some extent by the acetic acid and water

present, and while it may precipitate at ordinary tem-

perature, on heating the precipitate will disappear and
the solution become pink. Therefore, if at the end

of the evaporation there is not an excess of the nitrite

reagent present, low results will be obtained.

To illustrate the above points, a few cjualitative tests

might be given. The potassium salt was made by pre-

cipitating C. P. KCI solution cold with an excess of

the reagent and washed with cold water by decanta-

tion. A portion suspended in water and heated in

the boiling water bath dissolved slowly, giving a clear

pink solution after about two hours' heating. This

solution evaporated on the water bath in a dish left a

blue residue. On taking up with cold water acidified

with acetic acid, a notable quantity of the yellow potas-

sium salt remained, perhaps about half of the original

quantity, and the solution was pink. ( )n repeating

the evaporation and re-solution a second and a third

lime, only traces of the yellow salt remained.

Another portion was suspended in water and di-

vided equally between two test tubes. To one, a few
drops of acetic acid were added and the two heated

side by side in tlie water bath. The ])Otassium salt

disappeared much quicker in the one containing the

acid than in the pure water. This experiment was

repeated with the same result.

Another portion was allowed to stand at room tem-

perature in contact with 2 or 3 c.c. of water, shaking"

occasionally. After several days, the water became

distinctly pink, showing decomposition of the yellow

compound.

Another portion was let stand at room temperature

in about 30 c.c. of water, with occasional shaking. At

the end of a month, all but a trace of the yellow com-

pound had disappeared. On evaporating part of the-

clear liquid at room temperature over sulphuric acid,

there remained a yellow residue, apparently consisting

mostly of the potassium double salt, but mixed with

pink, needle-shaped crystals, having the appearance of

a cobalt salt.

A little of the reagent diluted with 10 or 15 times

its volume of water and heated on the water bath soon

lost its brown color and became pink, showing com-

plete decomposition of the reagent. An equal portion

treated in the same manner, except that several drops

of acetic acid were added, underwent the change more

quickly. The greater the dilution, the quicker this

change takes place.

Upon evaporating the reagent to dryness after dilut-

ing with water, as in the above experiment, the mass

is distinctlv jnirple in color, and upon adding water

there remains an insoluble greenish residue containing

cobalt while the solution is pink. The characteristic

color of the reagent has entirely disappeared which-

indicates complete decomposition.

To prove that this greenish substance will have the-

same effect as the potassium salt, if it should be pres-
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cut, ilie lollnwiny icsts were made: t\\<_) lo c.c. i)or-

tioiis of tlie reagent were diluted to 15 times their vol-

tune and then evaporated until the contents of one was
pasty on cooling. The other was further evaixjrated

imtil the contents were just dr\- and hrm on cooliny.

They were then taken U]) with water, liltered. and

treated with permanganate and oxalic acid in the same

manner as the potassium salt in the method. The fol-

lowing results were obtained ;

V/KMnO,
Contents on cooling. icciuired in titration.

Pasty 1.74 cc.

Dry 3.08 cc.

The above results show that if these same amounts

of this substance were present in two determinations

worked like the above on o.io gram aliquots of a potas-

sium salt, the results would be too high to the extent

of 1.50 per cent and 2.64 per cent K..O in the respec-

tive determinations.

These tests show that too great a dilution should be

avoided, because it decomposes the reagent, and also

continued heating in the evaporation should be avoided

because in the final stage of evaporation, the last traces

of acetic acid may be expelled and as soon as this takes

]ilace, the greenish substance is formed more rapidly

than it would be if there still remained some free acid.

To show that the above holds true, two 5 cc. por-

tions of the reagent were diluted to 13 times their

volume and evaporated until the volume of one was

about 5 cc. and liquid on cooling. The other was

evaporated until pasty on cooling. When water was

added to both, there was a small amount <if the green-

ish residue in the first. Ijut considerably more in tlic

other.

This source of error could be avoided in the work,

if a few drops of acetic acid were added to the solu-

tion before filtering, as this readily dissolves this sub-

stance and Would leaxe the potassium salt practically

pure.

The above experiments show that both the cobalti-

nitrite reagent and the yellow potassium compound are

decomposed by heating with water and that the change

is hastened in the presence of acetic acid.

The samples sent by the referee on potash were

three in number, namely, commercial muriate, kainil

and a complete mixed fertilizer. The directions called

for a study of the cobalti-nitrite method in comi)arison

with the r)fficia1 jjlatinum method. The aliquots rec-

ommended for the vohnnetric method were o. to gram

for the muriate. 0.5 gram for the kainit and i gram

for the mixed fertilizer. These ali(|Uots were used in

all of the determinations. The directions also called

for the volume of the solution to be about 23 cc.

when I cc glacial acetic acid and 10 cc recently ])re-

pared nitrite reagent were to be added and the eva])o-

ration made.

The referee's directions were followed in the deter-

minations below, the aliquots for the two methods be-

ing taken from the same solution. In the volumetric

methcxl, the solutions were heated until the contents

were just dry and firm on cooling.

OFKICI.M. Ml; I ill 111.

Grams. Percentage
KjO foniul. lv..O totmd.

Miinale 0.-2()02-"i .'vi.d.i

0.25980 -51.9(3

.\vera,ue (l.2()0().-i .")2.(ll

Kainit 0.00380 12.70

d.OOl:!.') 12.87

Average IMKJJH) 12.82

l''ertilizer o.lMddo 4.60
0.040(i() 4.00

COHALTI-NITRITE METHOD.
Mnnale 0.01928 19.28

Kainit 0.0-")!l:!o 1 1.80

I'ertilizer not determinetl

It was apparent that the referee's directions had a

tendency to give low results, jirobably due to the vol-

ume being too large when the nitrite reagent was

added. To see if an increase of the amount of reagent

added at that volume would recover the potassium

present, the following determinations were made on

the muriate.
(-r-i.^s. Percentage
K2O found. K-O fonnd.

10 cc. nitrite added 0.04928 49.28
1.") cc. nitrite added 0.05022 50.22

20 ce. nitrite added 0.05125 51.25

The following determinations were made Ijy evap-

orating the solution to about 3 cc. before adding the

acetic acid and nitrite reagent. The reagent was added

in various amounts and dishes heated tmtil residues

were of the consistencv as noted on cooling.

MURI.\TE.
Contents Grams Percentage

Nitrite. on cooling. K;0 found. K«0 found.
10 cc dry 0.051.59 51.59

10 cc dry 0.05151 51.51

1 5 cc dry 0.05223 52.23

15 cc dry 0.05155 51.55

15 cc dry 0.05109 51.69

15 cc very dry 0.05142 51.42

15 cc pasty 0.05142 51.42

]5 cc thick paste 0.05159 51.59

15 cc very thin paste 0.05134 51.34

25 cc dry 0.05095 50.95

25 cc pasty 0.05108 51.08

K.MNrr.
15 cc dry 0.06280 12.-50

15 cc dry 0.00300 12.72

1 5 cc very d r\- 0.00230 12.40

15 cc very thin paste 0.06315 12.03

25 cc dry 0.00355 12.71

25 cc . . . ! pasty 0.00345 12.09

C. p. K^SO,—THEORV, 54.05 I'ER CENT, l<:0.

Contents Grams Percentage
Nitrite. on cooling. K2O found. Kl-O found.

15 cc dry 0.0.5-382 53.82

15 cc dry 0.05347 .53.47

15 cc dry 0.051.5,s .54.-58

15 cc dry (l.051,")3 54.53

15 cc pasty 0.05390 53.90

15 cc pasty 0.05399 .53.99

15 cc pasty 0.05399 53.99

TVII-XEI) TERTIMZKR.
Contents (irams Percentage

Nitrite. on cooliu.t;'. K;0 found. K.-O found.

25 cc pasty 0.04080 4.08

25 cc iiasty 0.04030 4.63

In folliiwing the direction of the referee in the

above work, the dishes were lieated until the residues

were syrup)' wdiile hot and just dry and firm on cool-

ing. .\ccording to Drushel. this is the best plan to

follow, for it tints avoids errors in the contintied heat-

ing of the residues which will vitiate the results. This

w-as done regardless of the time consumed which was

noticed varied in similar determinations and very often

with different salts.

.\fter some correspondence with the referee, who
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stated tliat the method as outhned by him generally

gave satisfactory results in his hands, the writer made
some further determinations on the samples and also

on C. P. salts. In this work, the referee's directions

were followed and also the modification as stated

above, whereby the solution was concentrated to about

5 c.c. before adding the nitrite reagent. The time

consumed in the evaporation after adding the nitrite

reagent and the consi.stency of the contents on cooling

after the evaporation was made were also noted. The
evaporations were made in casseroles of 750 c.c. ca-

pacity, except in the case of the kainit. when 400 c.c.

casseroles were used.

REFEREE'S DIRECTIOXS.
MCRI.\TE.

Content-; Grams Percentage
Time. on cooling;. K2O fonnd. KiO found.
45 mill thin syrup 0.05187 51.87

45 niin thin syrup 0.05220 .52.2(5

45 min tliin syrup 0.05179 51.7!»

15 min thin syrup 0.05145 51.45

Average. 51.84

40 min tliin paste 0.(>5145 51.45

40 min tliin paste 0.05136 51.30
45 min thin paste 0.05104 51.04
45 min thin paste 0.05159 51.5!)

Average, 51.3(i

1 hr dry 0.05119 51.19

1 hr dry n.05110 51. In

.\verage, 51.15

K.\INIT.
5ii nun pasty 0.00300 12.00
1 hr pastv 0.06-345 12.69
1 hr pasty 0.06285 12.57

Average, 12.()2

1% hr dry 0.06275 " 12.55

C. p. KCl—THEORY. 63.17 PER CENT K;0.
20 min liquid.about 15 cc

vol. 0.05093 50.93
45 mill thin svrup 0.06108 61.08
45 min thin syrup 0.06358 63.58
45 min thin syrup 0.06283 62.83
I'/G hrs pastv 0.06342 63.42
1 'A hrs pasty 0.06-325 63.25

The determinations below were made by having the

volume about 5 c.c. when the nitrite reagent was added

and 15 c.c. of this were used in each case.

c. p. KCl.

Contents Grams Percentage
Time. on cooling. K;0 found. K-O found.
20 min liquid 0.06383 63 83
•30 inin syrup 0.06366 63.66
50 min pasty 0.06383 63.83

C. p. K=SOj.

20 min liquid 0.05401 54.01
30 min thin paste 0.05435 54.35
50 min thick paste 0.05467 54.67

Xo reason can be easily assigned why the liigher

results were obtained on the samples when worked bv

the referee's directions than those given before, un-

less it is that the time given to the evaporation is a

factor to be considered. In this connection, it might

be of interest to note that in the low results obtained

before, while following the referee's directions, and in

some of the higher results obtained at the same time

when the volume was reduced to about 5 c.c. before

adding the reagent, the same stock of reagent was
used. Evidently, these variations were not due to the

reagent, but rather to the different volumes of the

solution on adding the same. In support of this, refer-

ence might be made to the more unifonn results which

have been obtained where this change has been made
in the referee's directions.

From the above work, one must recognize that the

evaporation is a point that is to be watched in the

working of the method and, in fact, an important point

which needs further attention before definite conclu-

sions can be drawn.

To determine what other factors influence the re-

sults, first the effect of precipitating in larger volumes

with the reagent; second, using old nitrite reagent and

finally using more or less acetic acid was tried. Also,

the plan was tried of adding the nitrite in two portions

at different times in the evaporation in order to more

completel)' precipitate the potassium by maintaining

the excess of fresh reagent in the solution.

Effect of I'oliiine.— 10 c.c. of new nitrite reagent

were added to o. 10 gram of the sample in the volume

indicated, which included the volume of the reagent

added. The evaporations were then made in the usual

manner. In the case of KCl, the residue after evap-

oration consisted mostly of the greenish substance al-

ready mentioned and only a small amount of the potas-

sium salt.
c. r. KCl.

Volume Grams Percentage
Including reagent. KoO found. K:0 fouml.

200 cc 0.00377 3.77

-\. O. .\. C. .MCRI-^TE.

100 cc 0.03533 35.33

To illustrate further what effect the reducing of

the volume of the solution before adding the reagent

has on the results obtained, those determinations made

on the A. O. A. C. muriate according to the referee's

directions and also where the volume was further

concentrated to 5 c.c. before adding the reagent are

given for comparison.

Volume of solution Grains Percentage
on adding reagent. K2O found. K"0 found.

25 cc 0.04928 49.28

25 cc 0.05022 50.22

25 cc 0.05125 51.25

25 cc 0.05187 51.87

25 cc 0.05226 52.26

25 cc 0.05179 51.79

25 cc 0.05145 51.45

25 cc 0.05145 51.45

25 cc 0.05136 51.36

25 cc 0.05104 51.04

25 cc 0.05159 51.59

25 cc 0.05119 51.19

25 cc 0.051]<» 51.10

.\verage, 51.22

5 cc 0.05159 51.59

5 cc .. 0.05151 51.51

5 cc 0.05223 52.23

5 cc 0.05155 51.-55

5 cc 0.05169 51.69

5 cc 0.05142 51.42

5 cc 0.05142 51.12

5 cc 0.05159 51.-59

5 cc 0.051.34 51.34
5 cc 0.05095 50.95
5 cc 0.05108 51.08

.-Average, 51.49

The plan was also tried of adding the nitrite reagent

to the dry residue of the salt after evaporation, btit on

account of the potassium salt being precipitated so

finely divided, that it was impossible to filter it, the

determination was discarded. This was repeated with

the same result.

Effect of Old Reagent.—The reagent used here had
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liceii made for al)( lilt cii,dit months and kept in the dark, to estimate the potassium by adding the salts which
The referee's directions were followed in the work, compose the nitrite reagent in separate solutions at the

except in the last two determinations on tiie niuriale. time the evaporation was to be made. In other words,
In these, the volume of the solution was about 5 c.c. it simpl\- consisted of preparing the reagent in the

on adding the reagent. presence of the potassium salt to be estimated. If

.\. o. A. c. Mi-Ri.\TE. found to work, it was thought that this would improve
Contents on drams Pereentagi- ,, ,.111 -^ 111 -i 1 • ^1

Reagent used. cooling. K.O found. K^O found. '"^ method, because it would be possible in this way
^!^ cc dry 0.035.31 3o.ai to regulate the volume of the solution, which is im-
10 cc dry 0.03655 36.55 . \ j ^ *, .- •. /, r.i
20 cc dr\- 0.0.5050 50.50 portant, and at the same time avoid the use of the

-^ i^c dry 0.0.5076 50.76 prepared reagent which decomposes slowly on stand-
KAI.XIT.

20 cc dry 0.06085 12.17 '"&•

20 cc do- 0.06095 12.19 For the work 220 grams NaNO., were dissolved in

In connection with the above work, the following H.O and made to 500 c.c. and designated the sodium
e.xperiments were tried to see if it was possible to nitrite solution. 113 grams of cobah acetate were dis-

determine colorimetrically how much the old reagent solved in H.O and 100 c.c. 50 per cent acetic acid added
hatl decomposed on standing. Two c.c. each of the (one-half of the amount prescribed) and the solution
new and of the old reagents were diluted to 50 c.c. in niade to 500 c.c. and designated as the acetate solution.

Xessler tubes, and, by comparing the two. it was j_ q. A. C. Muriate.—The solution containing o. 10
found that, judging from the color, two-fifths of the gram salt was evaporated to dryness and taken up with
old reagent had decomposed. - e.c. of the sodium nitrite solution and the 5 c.c. of
When the color test was made on the old reagent the acetate solution were added, but no acetic acid, and

in the above, the solution had the characteristic brown the whole evaporated until the contents were pasty on
color of the reagent. After the test was made, the cooling. Results, 50.59 per cent K.O.
tubes were left standing in the light for about six Another trial was made in same manner, except the
hours, and during that time about one hour in the sun- acetate solution was added first and then the sodium
light. At the end of the time, the solution in the tube nitrite. Result sI-t^ per cent K„0.
containing the old reagent had changed to pink, show- c. P. /v.3.S"0,.'—The same method as followed in

iiig complete decomposition, while the new reagent the second "determination above was then tried on a
solution was still faint brown, but much lighter in solution containing o.io gram of the salt, and the
color than before, showing a decided decomposition evaporation continued until the contents were dry on
had taken place. After standing about ij-i hours cooling. Result, 52.43 per cent K.O.
longer in the sunlight, this solution also became pink Some further determinations were made on o.io
in color. gram aliquots of C. P. K..SO, and C. P. KCl by add-

Evidently, the reagent must be kept in the dark to i„g the acetate to the dry residue after evaporation and
prevent decomposition. increasing the amount of acetic acid present to that

Effect of More or Less Acetic Acid.—The plan fol- prescribed in the regular method. In this work, 1.5

lowed was to evaporate the solution to about 5 c.c. c.c. of glacial acetic acid and 7.5 c.c. each of cobaft

volume. 15 c.c. new reagent added and the amounts acetate and sodium nitrite solutions were added and
of acetic acid stated. The contents of the dishes were the evaporations continued until the contents were
evaporated until the volume was about 5 cc, when p^gty on cooling. The results obtained were:
they were taken from the bath. This was done in c. P. K=SO.—55.10 per cent and 54.84 per cent K=0.

order to eliminate any error caused bv further evapo- 9^ P- KCi—O.l.SO per cent and 63.,52 per cent K,q.

The plan of adding the acetate solution first seems
ration.

-

. .
, r , . ,

to be the most promising one, and further work along

Contents on Grams Percentage this line may prove that this is a safe plan to follow.
Acetic acid.

,^^°^"'f ^Prru''-'^-
^'^

-^^'if- although as vet there has not been sufficient work doneNone thm paste 0.0.jl42 ol.42 '^
;

1 cc thin paste 0.05134 51.34 to draw definite conclusions. It is hardly necessary
^ « P^^'y ^-^'-'--^^ 52.46

jQ ^jj ]^g,.g ji^ij^j ^Qj. ji^g .j,jQ^,g ^^,^^, jj "j^ i^gjjgj. ^Q
A. O. A. C. KAINIT.

2<fQne tliin paste 0.063.30 12.66 have chemicals free from ])otassium, or a blank is all

1 cc thin paste 0.06315 12.63 the more essential for work of this kind.
5 cc pa.stv 0.064 jO 12.f)0 ti 1 1 r 1

• n .i ^1 111 -1
.

, ,. . .,...„ Ti • T-, 1
I he Ijlank used in all the other work had remained

Addition of the Kcacient m Tziw Fortwns.— lliede-
, ,

. , r

, ,

'

, ,. ,, constant and never varied from 0.20-0.2^ c.c. A/io
terminations below were made according to the r-^r ^^ 1 • , , ,, , , • ,

. ,. . , . , ... IviMnt),, solution but the blank here contained too
referee s directions, that is, bv adding 10 c.c. new re-

,
. ^

, ,
. ,

, ,

' „,, ,
.

,
much potassium from the chemicals used, it not being

agent to the volume at 25 c.c. 1 he solution was then , . . . , ,. . .
,

, ,
'

,
,

, removed as it is in the ordinary nitrite reagent. As
evaporated to about 5 c.c. volume and 5 c.c. more 01 ... , ', , , ,•

, , , „, . ^ ,. , no purer chemicals were at hand, this work was dis-
rcagent were added, i he evaporation was continued . ... . . , . . .

, , ,1- continued, but it merits further investigation,
until the contents were dry on cooling.

, ,. .,.., , , , , . . .
, , r

.According to liowser.^ the cobalti-iiitrite method for
Muriate ."lO.OO per cent K,.0 ,v .• f . j- . •

1 .-r
Xainit 12.41 per cent K'O qualitative tests for potassium is mucli more satisiac-

In the following experiments, an attempt was made tory when an equal volume of strong alcohol is added
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to tlie solution to be tested. In thi.^ manner, he claims reagent and then lo grani^ of sodium nitrate. I'xith

that very small amounts of potassium are precipitated were allowed to stand i hour at room temperature and

in much less time than from an at|ueous solution. gave respectively 55.02 per cent K„0 and 48.34 per

From his work, the writer was led into a series of cent K.O.

experiments to see if the above could be used for To determine if it was possible to completely pre-

quantitative purposes. If such would prove to be the cipitate the potassium at room temperature by this

case, then the evaporation in the method would be method, if the volume of the solution was reduced, the

eliminated, which would be a great improvement in following e.xperiment was tried on C. P. KCl.

the work. Two o.i gram aliquots were evaporated to about

C. P. KSO^.—The plan followed at first was to 5c. c. volume, i c.c. glacial acetic acid and 10 c.c nitrite

evaporate the solution containing o. 10 gram of the salt reagent added and the whole put in a desiccator over

to dryness. To the residue was added 5 c.c. of the H2SO4 and the air exhausted as much as possible by

acetate solution and then 5 c.c. of the sodium nitrite means of the suction pump. It was then allowed to

solution already described. 10 c.c. of alcohol were stand about 24 hours and at the end of that time, the

then added and allowed to stand at ordinary tempera- solution had evaporated and the residue was nearly

ture for the time indicated. pasty. Result, 65.74 per cent and 67.52 per cent K^O.
Percentage In every determination that has been made without

15 rnlnutes 5-2 20
"'

heating the solution, it has been impossible to wash

CO minutes 51.99 the potassium sodium cobalti-nitrite with water until

The next plan tried was to evaporate the solution
t,^g j^^^^fg ^^.^^ odorless, ^^hile the washings did not

to about 5 c.c. volume and then add 10 c.c. of the contain any of the precipitate in suspension, they had
ordinary nitrite reagent and 15 c.c. alcohol. In the ^ ^.^1,0^^. ^.^i^^ ^hich seemed to indicate that either the
first two determinations below, o.i c.c. glacial acetic

g^lt itself was dissolving, or, which is more probablv
acid was added and in the third, no acetic acid. The ^he case, it was contaminated with some substance
solution stoo.l at room temperature for the time indi-

.^.jji^i^ ^^^^^^^ jj ^liffieult to wash clean. While it is easy
'"'''^^^- to understand how long results are obtained while

•|jij^p RO foiuKf
working in this procedure, the high results can only

Filtered inunciliately 50.78 be explained on the supposition above, that the potas-

15 minutes 45 85
sium salt contains some other compound that has been

In the next experiments, the addition of the alcohol formed which is difficult to wash out and reacts with

was omitted and the work j)ursued along a different peimanganate.

line. It had been found in working on the A. O. A. C. From this experience with the Drushel modification

samples that the addition of more acetic acid than the of the cobalti-nitrite method, the writer believes that

directions called for had a tendency to give higher re- it is very accurate if properly handled, but an inex-

sults in the regular method. ]ierienced worker not knowing its weak points may

The ])lan was then followed of evaporating the solu- "ot have this opinion with his first use of it. Briefly

tion containing o.io gram aliquots to about 5 c.c. vol- stated, the oittline of the method which has given the

iinie, cooling, and adding 10 c.c. of nitrite reagent and best and most uniform results- in this work is as fol-

the amounts of glacial acetic acid indicated. The solu- lows

:

tion was then allowed to stand for 30 minutes at room The solution containing the potassium salt, after

temperature. the preliminary work has been done to get it at this

.

A- 0. .^. c. MURi.^TE. stage, is evaporated in a 500 c.c. casserole to a small
A.ccticc Pcrccntti'^ c

""

acid added. K-O foun°l. volume of about 5 c.c, slightly acidified with acetic

1 ce 48.08 acid and is c.c. fresh nitrite reagent added. The
5 cc .50..^8

, , . .
, , , .

1.5 cc Could not filttr
larger amount of nitrite reagent makes possible a better

Evidently here, as in the regular method, an in- filtration and a good excess of reagent after the evap-

crease of acetic acid seems to give a higher result, but oration is made. The solution is evaporated on the

whether this increase is due to more potassium pre- ^^ater bath for about 45-60 minutes, or until the con-

cipitated or to other causes is not easy to determine. tents become a thick syrup while hot and pasty on

It was thought that perhaps the increase of acetates cooling. Continued heating is to be avoided, and this

present in the solution influenced the precipitation of 's important to obtain good results. After the filtra-

the potassium by the nitrite reagent and to prove this, tion is made and the caserole washed, the Gooch cru-

if possible, the following experiments were made on cible and contents can be put in the same casserole and

C. P. KCl. Two 0.10 gram aliquots of the salt were treated with permanganate, as prescribed in the

taken and to one, after evaporating to dryness, was method.

added 10 c.c. of a saturated solution of sodium acetate In conclusion, the wTiter desires to express his sin-

and 10 c.c nitrite reagent. To the other aliquot, after cere thanks to Dr. A. M. Peter of the Kentucky Agri-

evaporating to about 5 c.c. volume, was added 10 c.c cultural Fxperiment Station for the valuable advice

"Tf;;^!-. .4.m. chem. soc, 32, 78; Chem. News. 101, 100.
'i*^ '^^^ rendered during the progress of the work.
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The thoroughness and independence of this branch

of the work is iUustrated by some special experiments

that are now being made in the chemical laboratories.

At present there are no chemical specifications for rub-

ber, except those prepared by the government. Instead

of accepting these, as others have done, the Pennsyl-

vania's experts are making an exhaustive study of

the subject in order to have specifications that they

knozi' are adequate.

Thirty-five thousand eight hundred and seventy-two

samples of various materials were examined in the

chemical laboratories in 1910, and 121,970 .deter-

minations made. Among the special subjects investi-

gated were drinking water, disinfectant, paint and var-

nish removers, steel wheels, rails, etc., with studies on

smoke-preventing devices.

Theoretically every bolt and rivet, every piece of

wood or steel that goes out on the Pennsylvania Rail-

road is competent to do the work allotted to it, with

a store of reserve strength for any extraordinary

strain.

If the theory on which the Test Department works

could be carried out perfectly in practice there would

be no breakage. But, naturally, this is impossible

where the work is done by men who are bound to make

mistakes sometimes. Broken parts are always sent to

the laboratories, and a large part of the business con-

sists of investigating the causes of such breakage in

order to prevent repetition. Almost incalculable loss

is avoided in this way. If the break is due to a mis-

calculation the department can lay its fingei on every

other piece of equipment that could have been affected

before more damage is done. Or, if it is due simply

to wear from age, it offers a clue for the investigation

of similar parts that were put in use at the same time.

The Pennsylvania Railroad began the testing of ma-

terials in 1875. The establishment of the laboratory

took place in 1879, with a force of only four men, two

on chemical and two on physical te.sts. From that

time the history of the department has been one of

rapid growth both in size and importance, until today

it is one of the vital parts of the great railroad system.

It is a sort of bureau of scientific management where

problems arising daily are studied out, and where

infinite time and pains are expended in working to-

wards the perfection that means the least waste and

the his:hest efficiency.

EXPERIENCED LABOR.'\TORY ASSISTANT de-
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GALVANIZING WIRE IN ZINC-DUST.

By ALFRED SANG.

Ever since I presented before the American Electro-

chemical Society my first paper on galvanizing steel

wire by heating it electrically in zinc oxide or zinc

dust, I have realized that a perfectly clear conception

of the forces at work was essential for successfully

operating the process. Once the nature of zinc was

well understood and the action which different temper-

atures may have on it was clearly demonstrated, the

application of the process was found to be, after all, not

nearly as complicated as might have been feared, in

fact it was less complicated than the other two proc-

esses in general use.

It must be recalled that zinc dust does not melt

when heated to the temperature of fusion of zinc,

hut at higher temperatures reducing agents will "pre-

cipitate" the metal, as it were, and it can also be

squeezed out under mechanical pressure. This prop-

erty of resisting fusion is supposed and is probably

due to the surface of each particle being formed of

zinc oxide or zinc carbonate.

If zinc dust is heated evenly, the temperature is

found to rise steadily until around 390° C. when the

rise becomes much more rapid, attaining its maximum
rate at about 420°, then falling gradually until in the

neighborhood of 470° it again becomes normal. When
the dust is cooled down an opposite eft'ect is noted be-

tween 450° and 260°. If the operations of alternately

heating and cooling the same dust are repeated, the

exothermic and endothermic eft'ects are manifested

each time between the same temperatures, with their

apices at about 420° on the rise and about 350° on the

fall

We cannot help but notice that the exothermic

effect on the rise occurs at the melting point of zinc

metal, but when zinc is melted the effect is the very

reverse, heat being absorbed at the moment of fusion

to the extent of 28 calories per kilogram.

We are therefore in presence of an anomalous crit-

ical point, and I will now consider separately the oper-

ations of galvanizing in zinc dust below and above

that critical point.

If a clean piece of steel wire is immersed in zinc

Paper presented at tlie Twentieth General Meeting of the
-American Electrochemical Society, in Toronto, Canada, Sept.
21-23, 1911.

dust which is heated to a temperature below 420°, or

at what is known as "sherardizing temperatures." a

slow cementation takes place and zinc is absorbed

from the very moment that the wire reaches the tem-

perature of the dust ; there is at the same time a slow

sublimation of zinc at the surface increasing with

time but sufficient for all practical purposes after a

few hours of treatment; in the presence of reducing

gases the time of treatment can be considerably

lessened but the penetration of zinc is of course less.

This process is sherardizing, unsurpassed for many

purposes, unsuitable for many others. There are two

varieties of sherardized coatings : the gray, porous

and brittle variety, mostly composed of zinc carbonate

which darkens with age ; other variety has a high me-

tallic luster and is compact and of a finely crystalline

structure. If this were the class of sherardizing pro-

duced by all existing plants, there would not be much

hot-galvanized work produced outside of wire and

sheets.

When we work with the dust at a temperature above

the critical 420°, results are entirely different; galvan-

izing is instantaneous, taking place the very instant

that the wire reaches the temperature of the dust.

There is very little penetration of zinc in the iron

;

there may be vaporization and condensation of zinc as

in sherardizing, although I doubt it. A wire heated

to 800 or 900° in a non-oxidizing flame and quickly

thrust into cold zinc dust will condense around itself

a considerable thickness of zinc. The best working

temperature ranges between 500 and 600° C. The

galvanizing is bright and more pleasing in appearance-

than that obtained by any other means.

I will not go into details of the furnace used, which

merelv consists of a zinc-dust trough between two

sand troughs provided with a set of cast-iron cover-

plates over the zinc trough and power-driven rolls.

As high a speed as 850 ft. per minute can be used for

securing good merchant galvanizing. It is found

preferable to run at 35 ft. only, running a large num-

ber of strands and attaching the coils end to end.

The process is economical as regards current con-

sumption which, outside of zinc and labor with a very

small amount of power for driving the rolls, repre-

sents the bulk of direct cost. Figures are readily ar-

rived at, for as soon as the dust has attained a fairly

constant temperature, as it very rapidly does, the con-
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sumption of electricity in watt-hours is represented

by the formula

w X s X t X 7

Watt-hours =^
G

where
\v ^ weight of wire treated, say 1,000 kilograms.

s = specific heat of steel, sa\- 0.18 at 550°.

t == temperature to be maintained, say 550° C.

w s t = calories needed, which, muhiphed by the ratio 7/6,

gives the watt-hours.

Figuring 75 per cent efficiency for the dynamo or

transformer supplying the current, the above formula

gives 154 kilowatt-hours per long ton of wire of any

diameter.

While the wire is softened by the process, a full

annealing can only be secured by using a higher tem-

perature, the consumption of electrical energy being

then increased from 40 to 50 per cent and the sand

trough through which the wire passes after leaving

the zinc dust must be appreciably lengthened. If a

slight scale is to be removed, the high temperature

must be used in connection with a reducing agent.

Sand must be used with the zinc dust to prevent

caking and cavitation in the path of the wire.

Aluminum contact rolls and special mercury contacts

ore the only ones suitable for this kind of plant.

The wire can be brought ouk into t!ie air immedi-

ately after coating, but it is preferable to let it cool

bv passing it through sand which brightens it at the

same time.

The instantaneous galvanizing of steel in zinc dust

above 420"^ is readily explained by completing the

theory which I developed as tar back as 1907 ; I will

now state it in its complete form.

Zinc dust is produced by the sudden cooling of the

vapor of zinc and the transition from the gaseous to

the solid state is so rapid that for all practical pur-

poses, the liquid state is skipped. The setting of the

zinc, brought about by sudden chilling, prevents regu-

lar arrangement of the molecules along determined

stereochemical lines ; it forbids the formation of crys-

tals for which time is required. The heat of solution

of matter in an amorphous state is always higher than

when in a crj'stalline state : the same is true of a

strained condition which likewise presents an amor-

phous appearance. At the time of formation, con-

siderable heat is retained which would have been radi-

ated by slow cooling. The condition is one of phvsical

instability resulting in readier and. oftentimes, ex-

plosive decomposition.

The physical instability of zinc dust mav be ex-

plained thus : in the prolong.s of zinc furnaces the un-

condensed vapor is suddenly chilled and collects in

minute drops which are instantly congealed at the sur-

face and oxidized, forming a rigid spherical skin or

crust. Within this crust the liquid zinc cools and con-

tracts more slowly but the rigidity of the crust does

not permit the drawing in of the surface to form the

facets of a crystal and compensate this internal con-

traction. Thus, voids must exist within the crust and

we may presume a structure which might be described

as "piped radially"' or as negatively crystalline.

Below the melting point of zinc this condition per-

sists but affinities and thermal inducements find a

readier response from zinc dust than from any other

form of zinc, both by reason of the enormous amount

of free surface and because of this unstable condition.

At about 415°, which is the melting point of zinc,

the strain within the zinc dust particle is totally or

almost totally relieved as indicated by the loss of heat,

although some of the latent heat must be retained for

fusion.

At high temperatures zinc dust is pasty, because

formed of innumerable little bags of melted zinc, but

these will not coalesce on account of their small size

and closely packed condition, unless considerable pres-

sure is used. These minute bladders might be com-

pared to soft-shell ttirtle's eggs ; they form a plastic

and cellular mass.

If, b.owever, a reducing agent, say a drop of coal

tar, is introduced, reduction of the skin takes place

and we get a small mass of more or less spongy

metallic zinc. If a metal which is electro-negative to

zinc, such as iron, is put into contact with these bags

of zinc, reduction and an exchange of metals take

place, the bag is punctured at the point of contact

and the zinc spreads itself on the iron.

Hence it is that wire can be galvanized in this man-

ner by means of a plant closely resembling a hot gal-

vanizing plant, for the process is, in fact, one of hot

CTalvanizingf.

EXTRACTION OF GASOLINE FROM NAT-
URAL GAS.

The Honolulu Consolidated Oil Co. some months

ago completed what is stated to be the largest plant

in the world for the extraction of gasoline from gas

—

an industry w'hich is yet in its infancy. The Honolulu

company's plant is located in the Buena Vista hills

in California, almost on the top of the range in which

has been developed an extensive natural gas belt. The
following description of the gas belt and the plant is

taken from the California World:

"Not all of the gas in the Buena \ista hills con-

tains gasoline to an extent that it can be profitably

handled. The gas found in the upper strata is prac-

tically free from it, and that of the second strata con-

tains but a small amount. But with greater depth

the gas, which evidently has passed through or been

generated in the formations which contain petroleum,

is quite heavily saturated. In a strictly gas well the

tests conducted in the small test plant on the Honolulu

showed about 5 quarts of gasoline to the 1,000 ft. of

gas. In oil wells the casing-head holds gas as high as

25/s gals., where the product of the wells is 26 gravity.

"The Honolulu plant was purchased from the Bes-

semer Gas Engine Co. It cotnprises four units each

consisting of two 80-hp. Bessemer air compressors.

The capacity of the entire plant is 4,000.000 cu. ft. of
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gas in 24 hours, but the phmt will probably not be run

above 85 per cent of its capacitw in ortler to get the

best results.

"The gas is taken in at zero, or a slight vacuum,

through a 6-in. main through a low pressure machine

and is discharged from that machine at a high pressure

of 40 lbs. through a single header, where any water in

the gas is condensed and taken off. From there it is

taken through a 3-in. main into a high pressure ma-

chine, from which it is discharged, through a double

header at a pressure of 300 lbs., through an expansion

coil of 160 ft., where residue gas from a high pressure

tank finishes the cooling process. The condensed

liquid then passes through a series of brass tubes,

where it is purified, and from there goes into receiving

tanks of 2,000 gals, capacity, from where the gasoline

is drawn off under high pressure to stock tanks.

"The distillation of the gasoline consumes from 10 to

15 per cent of the volume of gas and the compressors,

which are operated by gas, another 5 per cent. The
residue gas is discharged at a low pressure into the

mains and is ready for use as a fuel. It is claimed

that not only is the gas still suitable for fuel, but that

it is superior for domestic use, as it is clean from soot

and dirt.

"The Honolulu plant is complete in installation and

lacks but the connection with the mains from the wells

and the building of a structure in which to house it.

"The Menges Oil Co. has given a lease to the Pacific

Gasoline Co., on the gas from the rich Menges well,

for a period' of 20 years, 25 per cent royalty. The
Pacific Gasoline Co., of which Dr. A. H. Liscomb, of

the Producers' Refining Co., of Bakersfield, is presi-

dent, has installed a single unit gasoline plant for the

extraction of the gasoline, which was put in operation

Sept. I.

"The oil from the Menges well tests 32 gravity and

the gas is correspondingly prolific of gasoline, contain-

ing 3 gals, to the 1,000 ft. The production is a little

under 1,000,000 cu. ft. in 24 hours. The plant in-

stalled will have a capacity of 750,000 ft. and will turn

out not less than 2,000 gals, of gasoline each day. At

20 cts. per gallon, a low price, this means a revenue of

$400 per day, or $12,000 per month.

"The share of the Menges company in this new

source of revenue, which heretofore has gione to

waste, it is stated, will be $3,000 per month."

ALLOYS.*

By W. R. WHITNEY.t

The production of phosphate rock in the United

States in 1910 was considerably larger than in 1909.

In 1910 the total marketed production was 2,654,988

long tons, valued at $10,917,000, as compared with

2,330,152 tons, valued at $10,772,120, in 1909, an in-

crease in quantity of 324,836 tons, or 13.9 per cent,

and in value of $1-14,880, or less than 2 per cent.

The increase was mainly in Florida rock, although

the Tennessee production also showed a consider-

able gain. The average price of the rock was $4.11

in 1910 as against $4.62 in 1909, a decrease in 1910

of 11 per cent.

This is not intended as a paper describing ac-

complishments, but is aimed at contributing, if pos-

sible, to increase the interest of experimenters in new

alloys. It is the result of reading Mr. Stephenson's

paper on "The Value of the Association to Its Mem-
bers," and a letter from the secretary, asking for a

contribution to the papers of the American Brass

Founders' Association.

I want to call attention to the possibilities in the

way of useful discoveries, which may well lie more

nearly within reach of some of the members than they

realize, because of their particular knowledge or pos-

session of special materials. For example, it fre-

quently happens that one manufacturing company pro-

duces a new metal or alloy for some particular use,

which, owing to lack of general study, may remain the

sole use for a long period of time. Probably those who
produce the special cerium-lanthanum-iron alloy used

in the various types of friction cigar lighters, have not

been able to study very thoroughly the application of

this alloy to other uses. So also, those who use the

very modern metals, tantalum, tungsten and molyb-

denum, have been engrossed with applications to a

single field, and have hardly been able to look care-

fully into others. It is often through the interchange

of information across the gap between quite remote

fields that useful advances are made.

It occurred to me that even an imperfect review of

some of the relatively recent metals might not come

amiss. Probably few realize the rapidity with which

new metals are coming into use, particularly in alloys.

There are in all approximately 50 metallic elements,

though most of our important industries employ but

a few of them. Some of these, in the metallic state,

have market prices wdiich are not yet controlled by the

cost of production, nor by the infrequency of occur-

rence, but rather by the lack of development of a

utility. Beginning with gold, which we may assume is

the one element whose exchange value depends upon

its commonness in nature plus its cost of production

;

and passing over iron, copper, lead and zinc, whose

values may be said to be well fixed by occurrence and

costs of production, we soon reach other metals, for

which a new demand might well greatly reduce the

cost. Among these are many whose ores occur in

abundance. In the case of this type of element, the

interest attached to research work is doubly great.

It is highly improbable that the cost of copper will

ever be greatly changed by the discovery of new uses.

This is because the world's supply of the ore is pretty

well known ; the demands are high and the cost of pro-

duction of metal from ore have been so studied that

further reduction will probably only be of what I like

to call the second order of masmitude. This was not

Paper read May 24, 1911, at the Convention of the Americatt
Brass Founders' Association.

iRe.search Laboratory, General Electric Co., Schenectady. N, Y.
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true of the metal aluminum a few years ago, and it is

still possible that considerabh- wider uses and reduc-

tion of production costs may develop in its future.

There is apparently a much wider divergence between

the occurrence of the aluminum in nature and its price

in metallic state than in the case of copper. In case

of aluminum, only selected and purified ores are used

at present, while other compounds of it occur every-

where in nature. On the other hand, in the case of

copper, ores containing even less than two per cent

of copper are worked for the metal. Aluminum may
thus still be considered in the transition state, a state

long ago passed by copper and iron, and not reached

by some of the metals considered below. We have all

been witnesses of the interesting advance of aluminum.

From 1869-74, its properties were becoming generally

Tcnown. The inefficient process by which it was then

reduced from its ores made it impossible to sell the

metal below $10 per pound. Advance was then made
so that in the 8o's the price was about $5. There was
not a great demand for it at this price. In the year

1907, something like 26,000,000 lbs. of this metal were

made in America alone. The price is now about 20 cts.

per pound.

The element calcium, which a few years ago W'as

listed only as museum specimens and at several dollars

per gram, was sold in 1908 at $1.50 per pound, and

could certainly be sold for a small part of this price

if a greater use could be found for the metal. It

slowly decomposes water, giving hydrogen, and it

differs from the alkali metals in producing such a

feeble alkaline solution, that it is generally harmless.

It ought to serve as a good deoxidizer, and should be

a very cheap metal. It is not fair to relegate it to a

list of useless metals. History of the metallic arts-

points to there being no such list.

Thallium is an element quite similar to lead, but

probably possessing some property which will some
day warrant its exploitation. It is softer and heavier,

and could be obtained in quantity, if a demand were

created.

The elements chromium, molybdenum, tungsten and
tantalmn, the three latter now obtainable in wire-form,

are tempting elements to study in mixtures with others.

Who knows the useful properties of a chromium
bronze, for example?

Tellurium has long been an apparently useless metal,

and any market price is fictitious, as there is but little

isolated in metallic state. It is not necessary that a

great use, such as a substitute for zinc in brass, should

be found for it. Our industries are so great, that if a

pound of tellurium added to the ton of aluminum was
of benefit to the latter, the production of the necessarv

tellurium would be real industry.

Consider cobalt a moment. The world's rate of sup-

ply of ore has been greatly augmented. It may take

time to actually realize a greatly reduced cost of me-
tallic cobalt, but we ought, notwithstanding, to realize

it when uses have been developed. Our natural im-

pulse in such a case, is to try direct substitution of one

metalTor another in some well developed use. Cobalt,

for example, might replace nickel in most uses when
the cost fell below that of nickel, but this is a second

order use. A first order use would be the supplying

of a want which no metal previously supplied, or sup-

plied distinctly less perfectly.

In this connection, an interesting alloy of cobalt and

chromium has just been described by Elwood Haynes

in the October number of the Journal of Industrial and

Chemical Engineering, and it is altogether probable

that technical use will soon be made of it.

Alanv tons of metals are annually consumed as re-

sistance wire for electrical purposes. .\t one time iron

was the element most used. German silver replaced it

in some cases, where a lower temperature co-efficient

was needed and the increased cost was permissible.

Now there are a dozen or more special alloys for this

particular electrical use. The new ones have far out-

classed the old in most of those properties for which

the electrical engineer uses them. In such alloys, nickel,

chromium, manganese and others are now used by the

ton.

Silicon, which in 1900 was a curiosity and sold for

40 cts. per gram, is now a necessary component of

special iron alloys and of high-grade transformer iron,

and the world uses thousands of tons of the alloy an-

nually. Silicon is now sold at about five cents per

pound. The use of this metal in other alloys is still

quite limited. In the case of iron, it greatly decreases

hysteresis loss and increases electrical resistance.

Boron, still a quite expensive material in metallic

state, is coming into commercial use in assisting the

making of solid copper castings of high electrical con-

ductivity.

Vanadium seems to be a young wonder working

metal. Its use has increased very rapidly in the past

few years, but the quantities consumed are not known
to us. As several companies are producing the iron

alloy, it is safe to assume that it is being sold by the

ton. The price for the metal in the alloy is not far

from $5.00 per pound.

Cadmium is a beautiful metal in many respects, and

it is certainly awaiting use. It is whiter and less crys-

talline than zinc, and doubtless the high price of nearly

a dollar a pound keeps practical workers from trying

it in their experiments. It should be produced as

cheaply as aluminum, if there were a good demand
for it.

Titanium is an element long the subject of criminal

negligence. It is a high-melting ductile white metal,

which, at present, is only separable from its ores at

high cost. It exists in many cheap ores widely dis-

tributed in nature. It is now apparently coming into

use in steel manufacture, particularly for railroad rails,

and for this purpose it is fortunately unnecessary to

isolate the pure titanium from its ores, an iron titanium

alloy being produced directly. What will happen when
the pure element has been tried in special fields, can
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only be sunuiscil. TIk' oplimist sees i^rcat chances. The
pessimist feels himself biis)- living with the optimist.

If one omits the common alloys, brass, bronze,

solder, etc.. and considers only possible alloys of two

metals, and still confines himself to 20 of the common
metals, like vanadium, manganese, chromium, boron,

etc., he is interested at once to recognize that there

must be one hundred and ninety different pairs of

binary alloys. When, in addition, the effect of varying

proportions in these alloys is considered, it becomes

evident that the field of alloy-research is truly a large

one. Many of the alloys apparently unstudied, are

those which melt at extremely high temperatures.

The brass founder who knows the upper limiting

temperature of his melting furnaces may at once point

out that this temperature is fixed both by the life of

crucibles and the particular coke or oil heating schemes

with which he is familiar. If he thought that a mol^'b-

deuuni bronze of 80 per cent molybdenum, would have

ijseful properties compared with all other alloys, he

might at once conclude that he must give up his alloy

because of the difficulty of melting it. If it were not

for the advances in our available temperatures, there

would seem to be little more than amusement in con-

sidering alloys high in tantalum, in chromiiun, in

titanium, in molybdenum, in silicon, in uranium, in

vanadium, and a number of other high melting metals,

but hand in hand with the discoveries leading to isola-

tion of such metals go also discoveries of alumino-

thermics, oxyacetylene and oxyhydrogen temperatures

and electric furnace processes. The time is always

ripe for the study of new alloys with new tensile

strengths, elasticities, colors and wearing powers. The
automobile and the aeroplane have forced the alumin-

um and iron alloys to make rapid strides, and it is

natural that we should want to inventory our possibili-

ties. The physical chemist has started along the way
of a systematic co-ordination of certain properties of

binary, and in a few cases tertiary alloys. He has

shown how' to plot a few freezing points of two-metal

and three-metal mixtures and to construct therefrom

curves showing not only all possible alloys but what
may be expected in the way of segration and structure

and such effects as caused by annealing or quenching.

He has found that there is a solubility of metals in

•one another which varies just about as the solubility of

substances in water varies. Metals may be melted to-

gether and well mixed, but the quality and permanency

of the mixture is determined by just such solubility

laws as control ordinary solutions. We know that in

some cases well-mixed melted metals w'ill separate into

two layers if allowed to remain even a few moments in

molten condition at low temperatures. They act like a

mixture of water and ether. The two separated layers

contain both metals, no matter wdiat the temperature,

but the quantitative compositions depend on the teni-

peratiuT.

The other extreme of metal solubility is found in

such a case as zinc-cadmium, which acts much like a

mixture of alcohol and water, the two components

going into solution in all proportions and remaining in

solution at all temperatures. Having seen this analogy

between the facts of solubility of substances in water,

it is natural to search among the metal mixtures for

all the peculiar kinds of solution observed in aqueous

solutions. Two such classes interest us at once. They

are those corresponding to aqueous solubilities where

temperature widely influences the quantities dissolved,

and those in which the solvent (as water) combines

with the dissolved substance more intimately than by

simple solutions, as by chemical combination. In the

case of zinc and lead we have one of the metal alloys

of limited solubility. If these two metals are well

mixed in liquid state, they separate into layers—one,

the zinc, carrying a few per cent of dissolved lead

floats on an alloy made up of lead carrying a few per

cent of dissolved zinc. In general, the quantity of the

one metal dissolved and held in solution by the other,

depends on the temperature, and the higher the tem-

perature the greater the solubility. Between 900 and

1000° C, they are apparently completely soluble. It

follows from this that wdien adissolved pair of metals

is cooled slowly, one of them may separate on cooling,

if the limiting solubility is reached, and the extent of

elTective separation may depend on the rate of cooling.

Our second case, that of chemical combination be-

tween the metals, is made most evident by the form of

the freezing point curve of the possible alloys. A com-

pound of two metals wdiicb is stable at a temperature

above the melting point of one or both of the metals,

shows very clearly on the melting-point curve and acts

towards each of the elements just as a new, or third

element. Its melting-point cannot yet be predicted

from any knowledge of the component metals. It may
even melt higher than either of the components. Such

cases are seen in alloys of aluminum-antimony, in lead-

tellurium, etc.

Man first used the metals as he found them ; then, as

he reduced them from the ores, and finally, when speci-

fied requirements became more and more exacting, he

not only brought into use previously unused metals, but

also greatly modified the old familiar ones. For a

harder iron he used steel, a carbon alloy; for a harder

steel, or one capable of cutting iron more readily, he

added tungsten, nickel, chromium and other metals.

For permanent magnets molybdenum was added, for

high electrical resistance nickel, chromium, etc., were

added, for low electrical resistance and low hysteresis,

silicon and aluminum were added ; for toughness in

springs a little vanadium was used, and for wearing

qualities titanium is now introduced. These are only

a few of the successful alloying experiments with iron.

They will probably be repeated w-ith other metals, such

as copper, zinc and aluminum, where the cost of the

base metal is not high.

On the other hand, the study of those metals which

have not yet advanced to a stage where first order cost-

reduction is impossible, is equally interesting. Con-
sider again, the element chromium. What do we know
about it? Is it a workable metal? Can it be ham-
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mered or cast? Is it permanent in the air? Is there

a considerable possible ore supply? Has the cost of

obtaining the metal been reduced to what seems a rea-

sonable rate? etc., etc. As it is unlikely that such an

element will suggest itself for use by men as did cop-

per and iron, it is probable that its properties must first

be determined and made known. As a metal, it is onl}-

about fifteen years old. It is made in the metallic state

by reduction of the oxide by metallic aluminum and

also by electrolysis of its salt solutions. It cannot

yet be produced at a lower cost than that of the

aluminum required, and it now sells at about 8o cts.

per pound. In the oxide from which it was made, it

may be had for less than half this cost, and in its

alloys with iron, which are made by direct reduction

with carbon ; it is sold for 29 cts. per pound. This

gives a rough idea that ultimately, by perfection of

metallurgical processes, etc.. we may possibly obtain

the metal much below 80 cts. per pound. It withstands

heat exceedingly well. When pure it melts at very

high temperature fOstwald, about 3000° C.) and it

does not scale when heated red hot in air, as copper

and iron do. It is for this reason that it is used in

resistance alloys for electric heating devices. It has

been plated onto metals, and then looks and acts like

nickel plate. Doubtless its use will quite rapidly in-

crease in special alloys, as it has already come into use

in tool steel.

TRANSFORMATION OF OTHER FORMS OF
CARBON INTO GRAPHITE.*

By W. C. ARSEM.t

POTASH SALTS SUPPLIES.

The new organization of the German Kali-Syndikat

has been formally incorporated. It is stipulated that

the companies holding American contracts can come

in provided they terminate those contracts at the end

of a year. If they decline to do so, a new syndicate

will be formed.

The London correspondent of the American Fer-

tiliser writes : "L'^ntil lately it has been believed that

Germany was the only country in the world in which

deposits of potassium salts existed. Now. however,

the news of the discovery of potassium deposits in

other countries is announced in the German press. Ac-

cording to the Brunswick Laiidcs-Zeitiing. the latest

(ierman discoveries are in Alsace, close to the French

boundary, and the potassium deposits there will prob-

ably extend across into France, as has been the case

with the salt deposits. It has also been established

that deposits occur in Hungary, Russia, Holland and

Persia. It is further announced that potassium salts

have been found in China, .\lthough the fact has been

known for some time, it has been kept a secret, and

the whereabouts of the deposits has not been disclosed.

Samples of these Chinese salts have been tested by a

chemist connected with the Potassium Syndicate, and

the results have shown a large percentage of chloride

of potassium."

INTRODUCTION.

The conditions under which "Amorphous Carbon"

is transformed into graphite have been the subject of

much discussion, and many statements have found

their way into the literature which are not supported

by experimental evidence. The following theories are

commonly held

:

1. A high temperature alone will convert "amor-

phous carbon" into graphite (Moissan).

2. Pure carbon is not converted to graphite by heat

alone (Berthelot).

3. Graphite is the result of intermediate formation

and decomposition of carbides, due to the presence of

mineral matter as an original constituent, or purposely

added (Acheson).

I have collected all available references relating to

this problem, and have given briefly the evidence in

favor of each theorj'.

Despretz' heated several varieties of carbon in an

arc. He states that "Any carbon which is submitted

for a long time to a high temperature becomes pro-

portionately softer. Finally it is transformed into

graphite." No physical or chemical tests for graphite

are described.

Berthelot' was first to recognize the ambiguity in

the use of the term "graphite," and proposed the

Brodie test as a criterion.

He was not able to convert amorphous carbon to

graphite at a ivhite heat in hydrogen. A retort car-

bon rod which had been ignited, thrust into a stream

of oxygen, and quenched in water when fully incan-

descent, was found to have been graphitized on the

tip-

JVork of Moissan.^—Moissan heated in the arc fur-

nace dififerent varieties of carbon enclosed in carbon

crucibles, and, after heating, determined their spe-

cific gravity and their behavior toward nitric acid

and potassium chlorate. He found that the products

dififered in specific gravity, but in all cases they yielded

yellow graphitic acid with the oxidizing mixture. He
concluded that heat alone will convert amorphous car-

bon into graphite. His results are given in Table I.

T.ABLE I,

. Ash after Specific gravity-
Carbon, firing. after firing.

Sugar carbon 0.11% 2.19%
Carbon from AUCa 2.11
Cryst. graphite from cast iron. Il.n0°. . . . 1.30 2.17
Cryst. graphite from ca.st iron, high tem-

perature 0.17 2.1s
Crvst. graphite from cast iron cooled in

water 1.29 2.16
Graphite from cast iron by silicon 0.85 2.20

Graphite from platinum I.IO 2.06-2.18

He showed also that graphite separates during the

•Paper presented at the Twentieth General Meeting of the
-American Electrochemical Society, in Toronto, Canada, Sept. 21-
23, 1911.
tResearch Laboratory. General Electric Co., Schenectady, N. Y.
'Comptes Rendus XXIX, 709-72-1.

=.-^nn. Chin-i. Phys. XIX, Series 3, 392.
"Le Four Electrique.
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cooling" of a saturated solution of carbon in various

metals, and tbat graphitic carbon is a product of the

decomposition of many carbides, but gives no specific

gravit}- determinations except for Fe and Al.

Work of .hiusoii.—Acheson noted the formation

of graphite by the decomposition of silicon carbide

at high temperatures. He also noted that the fur-

nace core of bituminous coal coke in the carborundum

furnace became converted, to a considerable extent,

into graphite. The following statements, made by

Acheson, are to be found in the literature and in

patents

:

(a) The ainount of graphite produced by highly

heating pure carbon is insignificant and impracticable,

btit if the carbon is mixed with considerable mineral

matter, the yield of graphite is enormously increased.

(U. S. Patent 568,323, September 29, 1896.)

(b) A mixture of 97 parts coke, or charcoal, and 3

per cent iron oxide, can be changed to a greater, or

less, extent into graphite by varying the time and

temperature of heating; As the iron is insufficient to

convert all the carbon to carbide, it is assumed to

have a catalytic effect, first forming a carbide which

decomposes, yielding graphite and setting free iron.

which again forms carbide, and the cycle is repeated.

(U. S. Patent 617.979, January 17, 1899.)

(c) A natural variety of carbon containing min-

eral matter, such as anthracite coal with 5.783 per cent

ash. gives practically pure graphite with .033 per cent

ash. This result is assumed to be due to the intimate

admixture of '"inherent impurities." it being stated

that even with the best artificial mixing and distribu-

tion of carbon and mineral matter, the conversion to

graphite will be more or less irregular and incomplete.

(U. S. Patent 645,285, March 13. 1900.)

(d) Petroleum coke, to which has been added 5

per cent iron in the form of oxide, is heated to the

vaporizing point of iron in a specially constructed

electric furnace. The iron vapor is stated to cause

conversion of the petroleum coke to graphite. (U. S.

Patent 711.031, October 14, 1902.)

(e) Acheson also makes the following statements

in an article presented before the Franklin Institute.*

*J. Frank Inst., 147, 475, 4S6.

1. Comparatively pure petroleum coke produces

practically no graphite.

2. Impure bituminous coal coke produces large

quantities.

3. The larger the known percentage of impurities

in the bituminous coal coke, the greater the amount

produced.

4. Only a part of the core (in the carborundum

furnace, bituminous coal coke) is converted into

graphite, this not being increased even by repeated use

of the same grains in successive carborundum fur-

naces. He concludes : "The amount of graphite pro-

duced in the core of the carborundum furnace, and

also in graphite articles I have made, is much too

great to be accounted for by the theory that it is

formed bv the dissolution of the fixed carbides formed

by the contained impurities, and carbon sufficient to

satisfy the chemical formula. The most probable

and satisfactory explanation is that a catalytic action

Qccurs—a progressive formation and dissolution of

carbides. The temperature being much above the

point of volatilization of silica and all other possible

impurities, a rapid dissipation of the active agents

takes place, and it is completed in this case before

the conversion of all the amorphous carbon can

occur."

No experimental evidence is given by Acheson to

show that pure carbon is not graphitized by simple

heating. Direct proof is also lacking to show that

a small amoimt of mineral matter can cause, or facili-

tate, the conversion of a large amount of carbon to

graphite.

The only experiment bearing on this point that I

could find described in the literature was in an article

by F. A. J.
FitzGerald,'' from which I quote as

follows

:

"Two carbon rods, one composed of very pure

lamp black carbon, and containing less than 0.2 per

cent ash, the other made of petroleum coke carbon

which had been intimately mixed with a certain

amount of ferric oxide, were heated side by side in

an electric furnace. At the end of the experiment,

the rod that had contained the iron was found to be

graphitic ; could . be easily cut with a knife, took a

beautiful metallic luster on rubbing, and would mark

paper like an ordinary pencil.

"The pure carbon rod showed little change, was dull

black in color, nearly as hard as before heating, and

would not leave a mark on paper. One end of this

carbon rod, however, was clearly graphite, from the

fact that it had been exposed to the action of carbide-

forming elements. These vapors had even penetrated

to a certain depth in the carbon rod, and in so far as

this had occurred the rod showed a brilliant graphitic

appearance, was soft, etc."

This experiment would seem to be inconclusive, be-

cause two different varieties of carbon were employed,

one being heated with iron oxide and the other without.

It should have been determined whether or not pure

petroleum coke is graphitized when heated without

admixture with iron oxide.

Borchers'^ claims that a small amount of Al or AUOj

can convert a considerable quantity of amorphous car-

bon to graphite.

He does not state what kind of amorphous carbon is

used, or what happens if this carbon be heated without

addition of mineral matter, but refers to work by

Borchers and Mogenburg ("Graphit aus Amorpher

Kohler in Borcher's Institut fiir Metallluittenwesen

und Elektrometallurgie"). which was not available.

Borcliers claims priority for the theory that gra-

phite lb produced from amorphous carbon by the for-

mation and decomposition of carbides, on the basis of

=J. Frank, Inst., 154,. 33S,

"Elektrometallurgie (.3cl ed.), 564 (1903).
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an article in Zeit. f. Elektrochem, 3, 394 (March 20,

1897), from which he quotes: "Metals which form

carbides, alloys or more or less dissociable compounds

can assist the crystallization of carbon." The article

mentioned was a discussion of methods for the pro-

duction of the diamond, no reference being made to

graphite in this connection.

Moreover, Moissan' had previously prepared graph-

ite by crystallization of carbon from solution in metals

and by decomposition of many carbides.

Other patents relating to the manufacture of graphite

are:

E. G. Acheson, 542,982, July 23, 1895. Purifies car-

bon by volatilizing impurities in an electric furnace.

H. Y. Castner, 572,472, December i, 1896. Heats

rods of retort carbon or other carbon by current.

Product has Imuer density and greater conductivity.

Herbert H. Wing, 598,549, February 8, 1898.

Amorphous carbon converted into graphite by pro-

longed heating at high temperature. (Ordinary coke

mentioned.)

DEFINITION OF GRAPHITE.

Much confusion has arisen from the uncertainty as

to the exact significance of the term "graphite." Many
different varieties of graphite have been described, and

widely differing values for the various physical con-

stants have been published.

Berthelot was the first to adopt the Brodie" test as

a criterion. He defined graphite as any variety of

carbon which yields graphitic oxide when oxidized

with nitric acid and potassium chlorate. ]\Ioissan

seems to have felt the need of a further criterion, as

he defined graphite as a variety of carbon, usually

crystalline, having a specific gravity about 2.2, which

yields graphitic acid when oxidized.

Some of the uncertainty has been removed bv the

recent work of Le Chatelier and Wologdine.^ They
showed -that a number of natural graphites, when freed

from mineral matter and air, had practically the same

specific gravity, 2.255, this value being also obtained

for a sample of Acheson graphite.

Charpy" considers the density a much better cri-

terion than the Brodie test.

My own work indicates that any variety of carbon,

after heating to 3,000°, will give a green or yellow

oxidation product by the Brodie test, although many
samples have a relatively low specific gravity and lack

the physical characteristics of graphite. There is no
proof that the yellow oxidation product has the same
composition in every case. It may be that a variety

of structurally related oxidation-products may exist.

It was found, however, on examination of a large

number of carbon samples, that the graphitic prop-

erties become more pronounced as the specific gravity

approaches 2.26. We have then either a series of car-

bons of varying molecular complexity, the end mem-

"j*nn. Physy. Cliem. (7), S, 466 (ISnt;).
"B. C. Brodie. Liebig's Annalen. Ill, 7, (1S60)
"Coniptes Rendus, 146. 49 (190S).
"Comptes Rendus, 148, 920 (1909).

ber being graphite, or a series of mixtures of graphite

with other forms of carbon. In either case it seems

to me that there can be little objection to the following

definition

:

Graphite is that allotropic form of carbon having a

specific gravity of 2.25 to 2.26.

Those varieties of carbon which have some of the

physical properties of graphite, such as color, softness

and streak, but a lower specific gravity, may perhaps

be regarded as impure graphites ; that is to say, mix-

tures of graphite with other forms of carbon.

PURPOSE OF THE INVESTIG.^TION.

The points at issue are the following:

1. Can a pure form of carbon be transformed into

graphite by simply heating to a high temperature ?

2. If this is not the case, is it possible to cause this

transformation to occur by heating the carbon, well

mixed with a quantity of mineral matter, insufficient

to form carbides with all the carbon present.

There are two ways of attacking the problem.

(a) To determine the effect of heating various

forms of pure carbon alone and with small amounts

of added mineral matter.

(b) To remove the mineral matter from certain

varieties of impure carbon, which ordinarily change

to graphite when heated, and see if the change will still

occur.

Both methods were tried,

EXPERIMENTAL METHODS.

All samples were ground to fine powder before

firing, to facilitate the determination of specific grav-

ity, and all samples were tested, after firing, by treat-

ment with potassium chlorate and nitric acid.

Grinding.—To insure freedom from enclosed air

which would vitiate the specific gravity results, all

samples of carbon were ground in a roller-mill. This

is a steel cylinder with a tightly fitting cover on each

end, and contains four steel rolls. All the surfaces are

case-hardened and polished, to insure a minimum of

wear. As to the extent to which iron is introduced, it

is found that after 50 hours grinding of a 20-gram

sample of petroleum coke, the ash had increased only

0,09 per cent. The mill is rotated at 200 r. p. m., and

from two to eight hours is sufficient to grind most

substances, so that the largest particles are not over

.005 mm. in diameter.

Firing.—The samples were packed in small Acheson

graphite crucibles with tightly fitting covers. These,

in turn, were placed in larger tubular graphite cru-

cibles, closed at both ends, the space between the small-

er and larger crucibles being packed with Acheson

granular graphite, previously fired and containing only

mere traces of ash. The samples thus protected were

fired at approximately 3,000 to 3,300° C, in an experi-

mental tube furnace for 15 minutes. This furnace con-

sisted of a heater tube of Acheson graphite surrounded

by an insulated carbon tube with an annular free space

between them. The outer carbon tube, is well packed in

granular petroleum coke, but no packing material is
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in contact with the lieater. With the exception of the

graphite heater tube, which was renewed for each run,

the furnace has been used for a great many runs and

is practically free from metallic impurities.

When making tests of purified and unpurified sam-

ples of the same kind of carbon, the purified samples

were always fired in a tube which had not previously

been used for firing impure carbon.

Sl^ccific Gravity.—Specific gravity determinations

were made on samples pulverized as above stated,

using a pyknometer of the form shown in Fig. i, hold-

ing about 7 cc. The sample was weighed in the

pyknometer, which was then half filled with Kahl-

baum's C. P. benzene, and heated to the boiling point

of the benzene to remove air and fill the pores of the

carbon. Owing to the fineness of the powder, this

can be accomplished in a few minutes. The pyknometer
was then cooled to 20° C, filled to the mark with

benzene, and weighed. Results are referred to water

at 4° C. The limit of accurac)^ is about .005.

Fig. 1.

Brodie's Test.—All samples before and after firing

were tested by Brodie's method, which consists in heat-

ing the sample with fuming nitric acid and potassium

chlorate. "Amorphous Carbon" is converted into

brown soluble substances, while graphite is changed

to green graphitic oxide, or yellow graphitic acid, ac-

cording to the concentration of the nitric acid, or the

duration of the treatment.

In my experiments I used in some cases nitric acid,

distilled from a mixture of concentrated nitric and sul-

phuric acids. In other cases the nitric acid was made
by distilling well dried potassium nitrate with con-

centrated sulphuric acid, as recommended by Moissan.

EXPERIMENTAL RESULTS.

Petroleum Coke.—This was obtained from the

Standard Oil Company in lump form, and contained

o.io per cent ash. These lumps, when fired, had all

the physical properties of graphite, being soft, and of

a silver gray color. They marked paper easily. A
sample of this graphite, pulverized before firing, had a

specific gravity of 2.26. This value was checked a

number of times. A sample of the coke ground with

5 per cent ferric oxide had a specific gravity after

firing, of only 2.22.

It is thus seen that quite pure petroleum coke, when
fired without additions, yields a very good grade of

graphite and that the addition of iron oxide is, if any-

thing, disadvantageous.

Bituminous Coal Coke.—This was ordinary' foundry

coke, containing about 10 per cent of red ash, mostly

iron and silica.

Lumps of this coke, when fired, became bright gray,

and gave the characteristic gray streak on paper. This

material seemed harder than petroleum coke graphite.

Some of the powdered coke, when fired, had a specific

gravity of 2.192.

A sample was treated with fused sodium hydroxide,

then with water, and finally with hydrochloric acid.

The ash was now reduced to 5.70. After firing, its

specific gravity was 2.225.

The results of these experiments are given in

Table IL
TABLE II.

Specific
Ash Ash gravity

before firing, after firing, after firing.

Crude coke 10.00 2.07 2.192
Treated with fused NaOH,
then with HCl 5.70 0.78 2.225

Here we see again the smaller the amount of mineral

matter present, the higher the specific gravity reached

on firing.

Anthracite Coal.—A sainple of Lackawanna coal,

containing 6.46 per cent ash when fired in lump form

came out bright gray, rather hard, and with a tendency

to cleave into plates, and angular fragments, like the

unfired coal. It marked paper with some difficulty, and
its feel and appearance were much less graphitic than

in the case of the fired foundry coke and petroleum

coke.

A pulverized sample, when fired, had a specific grav-

ity of 2.133.

Some of the pulverized coal, when treated with

fused NaOH then washed and treated with HCl, had
its ash reduced to 0.20 per cent, and this purified coal,

when fired had a specific gravity of 2.149, ^ value

slightly higher than that given by the crude coal.

To check this result, some samples of coal obtained

from the U. S. Geological Survey were treated in the

same way. The results were even more striking, as

may be seen from Table III.

T.\BLE in.—RESULTS OF FIRING ANTHRACITE COAL ABON-E 3,000°.

Specific gravity
Ash before Ash after after

Coal samples, firing. firing. firing.

Lackawanna Crude ... 6.46 .. 2.133
Lackawanna Purified . 0.20 . . 2.149
U. S. G. S. "Buck-
wheat No. 1" Crude ...17.68 .. 2.125

U. S. G. S. "Buck-
wheat No. 1" Purified . 1.73 .. 2.170

U. S. G. S. "Buck-
wheat No. 5" Crude ...13.30 .. 2.138

U. S. G. S. "Buck-
wheat No. 5" Purified .0.93 .. 2.180

Anthracite coal, therefore, is a form of carbon which

graphitizes only imperfectly, in spite of the high per-
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centage of ash which is well distributed throughout the

material. We have here, therefore, excellent condi-

tions for catalytic action without a corresponding

effect. The results show that the presence of ash

hinders, rather than assists graphitization. Some sam-

ples of coal seem to yield purer graphite than others,

especially after the ash has been removed.

Lampblack.—A commercial variety of lampblack,

known as "Patton's Sunproof," containing about 0.2

per cent ash, principally iron oxide, when fired in the

tube furnace reached a specific gravity of 2.090. Some

of the lampblack, unfired, was ground with 5 per cent

ferric oxide and fired. This had a specific gravity of

2.094. Another sample of lampblack was impregnated

with ferric oxide, so as to obtain as good a distribution

as possible in the following way

:

The lampblack was' stirred into a solution of ferric

chloride and ammonia was added to precipitate ferric

oxide, when the lampblack precipitated with the ferric

oxide, forming an apparent homogeneous mixture.

This mixture was well dried and divided into two por-

tions ; the first was heated one hour in vacuo at 1,600°,

and the other one hour at 2,000°, to reduce the iron

oxide to metal, and then both were fired in the graphite

tube furnace at about 3,300°. After firing, the specific

gravity of the first portion was 2.122, and of the sec-

ond portion 2.109. ^^^ these fired samples were in-

distinguishable from each other by physical or chem-

ical tests. We have here a pure fomi of carbon,

which reaches a limiting density of about 2.10, and this

limit is not appreciably raised by the presence of even

5 per cent ferric oxide, although the distribution of

the latter was about as perfect as possible and the con-

ditions especially favorable for a catalytic transforma-

tion into a more graphitic variety of carbon if this

were possible. They are all grayish-black non-crystal-

line powders. They all yield by Brodie's test, a yellow

graphitic acid, but have none of the characteristic prop-

erties of graphite.

Another sample of lampblack, Reichard"s No. 7, was

also fired, and reached a density of 2.074.

Patton's sun-proof lampblack was also heated with

small percentages of different substances, but no cata-

lytic effect was noticeable.

The results are summarized in the table.

Density.
Patton's lampblack 0.2% ash 2.090'

Patton's lampblack -|- 5% Fe-.Oj ejround together 2.09-t

Patton's lampblack -|- 5% Fe=0= by pp n. (a') 2.1'22

Patton's lampblack -|- 5% Fe..O= by pp n. (b) 2.109

Patton's lampblack + 5% A1=0. 2.080

Patton's lampblack -|- 1% Si 2.076
Patton's lampblack + 5% MnO, 2.091

Patton's lampblack + 5% NiO 2.099
Reichard's lampblack 2.074

Retort Carbon.—The carbon obtained from the in-

side walls of gas retorts occurs in three varieties, black,

gray and white. These differ in ash content and in

behavior on heating, and show in a striking way that

the ability to graphitize is independent of the amount
of ash present. Both the white and the gray varieties

yield excellent graphite, although the former is very

low in ash and the latter high.

The black variety which is also in ash does not

graphitize but reaches a density of 2.1 1. Four differ-

ent substances tried as catalyzers had no effect, the

density after firing being practically the same as that

of the same carbon fired without mineral additions.

TABLE IV.—EFFECT OF HE.'^TING RETORT C.-^RBON ABOVE 3,000°.

Ash. Ash Sp. grav.

before after after

firing, firing, firing.

White retort carbon 0.34 0.10 2.265

Gray retort carbon 2.66 0.16 2.263

Black retort carbon 0.23 0.10 2.110

Black retort carbon -f- 1% Cao 0.31 2.123

Black retort carbon + l%SiO. 0.12 2.117

Black retort carbon + 1% Li.Co, 0.05 2.120

Black retort carbon -j- 2% Fe.O^ 0.09 2.178

Diamond.—Some white diamonds when fired be-

came converted into a coke-like carbon, having a spe-

cific gravity of 1.915, which does not mark paper.

Parsons & Swinton" heated a diamond in the focus

of a cathode ray tube at 1890°, and state that it was

converted into coke. The specific gravity was not

stated.

These results are especially interesting since it has

been commonly supposed that the diamond is con-

verted into graphite by heat, and statements to that

eft'ect appear in most text-books.

CONCLUSIONS.

All the pure forms of carbon which have been tested,

when fired above 3000°, reach a limiting density which

is not appreciably raised by the addition of small

amounts of mineral matter. The end product is

graphite in some cases and not in others. Pure petro-

leum coke, heated without addition of mineral matter,

is converted into graphite of excellent quality, while

lampblack, although it increases in density, does not

reach the value corresponding to graphite, nor acquire

any of its other physical properties, even when heated

with various oxides.

The impure carbons show a similar behavior. The

properties of these carbons after firing are character-

istic for each variety of carbon and independent of the

amount of ash present.

Anthracite coal is only imperfectly graphitized by

heating. The specific gravity of the fired material was

approximately the same for three samples having a

range of ash content. Moreover, coal from which most

of the ash has been previously removed graphitizes bet-

ter than the crude material.

Bituminous coal coke, which graphitizes fairly well,

yields an even better product if a part of its ash has

been removed before firing.

It must therefore be concluded that a small amount

of mineral matter exercises no beneficial effect in the

manufacture of graphite by the heating of carbon, and

that the quality of the product cannot be iinproved in

this way. As to the effect of mineral matter on the

rate of conversion, no data are yet available, although

some experimental work along this line has been

started. At 3000° the maximum density is reached in

less than 15 minutes for any variety of carbon.

"Proc. Roy. Soc. 80, 184 (1908).
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We need some tlieory of the nature of graphite and

of amorphous carbon which will permit a rational ex-

planation of the changes which occur on heating. The

following discussion is a tentative step in this direction.

THE NATURE OF GRAPHITE.

Graphite, in the most restricted sense of the term, is

an allotropic form of carbon having- a definite and not

very complex molecular configuration. The molecule

might, for example, be regarded as two benzene rings

side by side and joined at all six angles, the extra bonds

being satisfied as in the usual centric formula. Such a

formula might be used to explain the formation of

Mellitic acid and graphitic acid by oxidation of

graphite.

Amorphous Carbon.—When an organic compound

is decomposed, there results a mixture of substances

constantly increasing in complexity until finally car-

bon is obtained. This carbon need not be regarded as

a simple substance, but may be considered to be a mix-

ture of many varieties of carbon, each with a different

number and arrangement of atoms in the molecule.

According to this view, it seems better not to regard

"Amorphous Carbon" as the name of a distinct allo-

tropic fonn. but rather as a general term covering all

varieties of carbon except graphite and diamond. In

speaking of amorphous carbon, therefore, the source

of each sample should be stated.

The Mode of Transformation.—In a given sample

of amorphous carbon, some of the molecules will be

capable of easily undergoing rearrangement under the

influence of heat to form graphite molecules, while

others will not, and the proportion of molecules capable

of such change will detemiine the character of the

final product.

Petroleum coke would therefore consist almost

wholly of graphitizable molecules, while anthracite coal

contains a smaller proportion.

THE GERMAN POTASH INDUSTRY.

The United States consul at Brunswick, Germany,

reports that at the conference held recently at Ham-
burg between the conflicting interests, German and

American, in the potassium salts industry, an agree-

ment was reached as to prices and rebates.

The agreement has a duration of 5J/2 years. Dur-

ing this period the American producers of potash, that

is. to say, the North trust, the South trust, and the in-

dependents, obligate themselves to make all purchases

from the potassium syndicate. The probability of the

market being disturbed by outside mines is thought to

be remote, as such outsiders would have to organize a

sales agency in the United States similar to the Ger-

man Kali works owned by the syndicate, which de-

livers salts directly to the buyer. Such an organiza-

tion would be expensive and difficult to eiTect.

The basis of prices is practically the same for con-

centrated salts as that contained in the potassium law,

and the same as prevailed in .Vmerica in 1909 before

the svndicate was renewed and before the Schmidt-

mann contracts went into force. The prices, aside

from 40 per cent manure salts, which are sold to Ger-

man agriculturists at low prices, are the same as the

maximum prices laid down in the law for the domestic

consumption. On the other hand the prices proposed

for raw salts, especially for kainit, are higher than the

prices formerly paid by Americans to the syndicates.

Rebates for most sorts of salts are increased. For-

merly a rebate of 9 per cent on the average was

granted the American companies. Now it will be

from II to 12 per cent.

In reference to certain expenses which may be in-

curred by the syndicate, the right is granted it during

the duration of the agreement, five and one-half years,

to increase prices 3 per cent.

The agreement is incomplete, inasmuch as the

Aschersleben and Sollstedt works, belonging to the

Schmidtmann interests and the Schmidtmann Inter-

national trust, have not united in it. An effort will

be made by amicable means to bring the remaining

parties into the agreement. If it is not successful, it is

thought that their sales contracts will be attacked, as

thev are regarded as in some respects legally inde-

fensible.

At a recent general meeting of stockholders of an

important mining company held previous to the afore-

mentioned conference at Hamburg, the president

stated that the favorable result of the business year,

namely, the distribution of the dividend of 15 per cent,

had been attained in spite of the potassium law.

"The chief purposes of the law," he continued, "the

prevention of the precipitate founding of new works

and the rendering inefl:'ective of the alleged ruinous

American contracts, have not been accomplished. In

both of these directions the law has proven abortive.

Directly contrary to the law a much more active

founding of new companies has taken place and the

American (Schmidtmann) contracts are in full force."

This opinion seems to be shared by persons in

Brunswick acquainted with the condition of the po-

tassium industry ; it is said that the industry has been

sustained by the steady increase of sales in old markets

and the introduction of the salts into new markets.

According to figures of the U. S. Geological Sur-

vey the production of crude barytes in the United

States in 1910 amounted to 42.975 short tons, com-

pared with 61,945 in 1909. The average price per

ton as reported to the Survey was $2.83 last year, as

compared wnth $3.39 in 1909, representing the

amount paid the miner for his crude ore, hand-

cobbed, sorted, and ready for shipment to the mills,

exclusive of transportation costs. The wholesale

prices per ton for refined barytes at the close of 1910

were $12 to $15 for "American ground," $17 to $19

for "floated" and $20 to %22, for "foreign floated."
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REFINING STEEL FROM BESSEMER CON-
VERTERS BY A COMPOSITE ELEC-

TRODE ARC PROCESS.

By FRANK C. PERKINS.

There is a vast amount of available iron ore in the

United States which is high in phosphorus and sul-

phur and titanium : there is also a large supply of car-

bonate iron ores.

The electric smelting process has been shown to be

entirely successful in eliminating both phosphorus

and sulphur from steel, the percentage remaining in

the ingots depending entirely upon the time and

amount of electric current used in refining.

The cost of refining steel, as it comes from a Bes-

semer converter by the electric process depends upon

the cost of the electric energy which is extremely low

in places where generated bv hydro-electric power

plants.

The electric arc refining process may be considered

commercially successful for making hi"h grade tool

steel where the molten steel is electrically treated as

it comes from the converter and it is generally con-

sidered that there is every reason to believe that the

process can be developed for ordinary grades of steels

so that it may be used for producing steel rails and

structural steel with phosphorus at .05 or lower with-

out great expense or interfering with the present rate

of production in existing rolling mills. If this can

be accomplished it will place the present Bessemer
plants on an equal or possibly a more advantageous

footing than the large new open hearth installations.

A new composite electrode arc process for produc-

ing and refining steel has recently been patented in

the United States and the construction and arrange-

ment of electric ladles or furnaces provided with

those special composite electrodes may be seen in

Figs. I and 8. This process consists in treating molt-

en iron from a blast furnace or molten steel, a. from
a Bessemer converter or open-hearth furnace, with

electric heat produced by arcs formed between the

slag, d, and specially designed electrodes, D. D.

Several forms of composite electrodes are indicated

in Figs. 3 to 7. It will be noted that one consists of
an iron rod E. a cored carbon F and a mixture of car-

bon, lime or oxide of iron or other slag producing
materials G, surrounding same. Another shows the

slag material, g, Fig. 8, packed in an iron or steel tube.

e. and still another surrounding a carbon or iron rod
or rods, F, with or without projections for support-

ing the slag materials with the usual binder employed

in carbon electrodes.

The use of the composite or combination electrode,

instead of the ordinary carbon electrode, or an elec-

trode of pure iron, introduces a large part of the slag

material in a highly fluid state at the hottest points

Fig. 1—Electric Furnace of Double Pole Type.

which are at the arcs or at the points of contact of the

electrodes and the layer of slag floating on the bath

of molten steel, the remainder being added in the usual

manner.

When two of these electrodes, D, D, are used in an

electric furnace of the double pole type as in Fig. i,

the current passes from one electrode, D, into the slag,

d. through the slag as a resistance and out of the oth-

er electrode, D, the two arcs operating at about 100

volts pressure. One electrode may extend into the

slag or down into the molten steel below the slag, a

single arc only being employed at this time formed

at the other electrode, with a pressure of approximate-

ly 50 volts, the one moving up and down for agitat-

ing the metal if a large ladle of 10 tons capacity or

more is used requiring other movements of the metal

that naturally provided by the action of the arc.

The double pole electric furnace is well adapted for

practising this composite electrode process similar to

the Heroult method because when the two electrodes

are introduced into the refining slag, the latter acts

as the resistance and forms one or two arcs according

to whether one or both electrodes are out of contact

v/ith the bath and producing the arc or arcs.

An ordinary basic lined ladle, crucible or pot may
be used as noted in the drawings without cover which
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may be supplied in tbe same manner as a basic lined

two pole electric furnace. This ladle having received

the charge of molten steel from a Bessemer converter

i,s electrically refined by eliminating the phosphorus

and sulphur, as far as desired and the steel deoxidized

and recarbonized. The steel is then poured into the

ingot moulds after an electric treatment of from a

J'-

few minutes to an hour or more in the electric ladle

according to the degree of refining desired.

When only one of these electrodes is used in an

electric furnace, this electrode extends into the refin-

ing slag forming- the arc at this point the current be-

ing conducted through the molten bath an<l out

through the bottom of the ladle similar tn the (lirod

process.

Another construction shows double arc or single arc

action taking jjlace when a ring or cylindrical elec-

trode is arranged on a level with the slag. A single

arc action onlv at center may be employed, the outer

electrode dipping into the slag or molten steel.

By this electric arc process the molten metal con-

tinually circulates, all particles of the bath coming in-

to contact with the refining slag at the arc or arcs

and elsewhere and being rapidly refined, remaining at

the highest temperature only a short time, then re-

placed bv other particles of molten steel reaching the

slag near the arcs.

It is held that in the Heroult arc steel furnace the

circulation in the bath is always active and the average

temperature may be kept as low as any other furnace

and all parts of the bath come rapidly into contact

with the slag. In case a deep bath of say lo or 12

tons or more is used in the electric ladle and addition-

al circulation is desired ; one electrode may be plunged

up and down in the metal by an electric hoist mechan-

ism while the other electrode produces the single arc

then used with the slag.

By the use of these special electrodes made with

slag producing materials, the highly fluid slag at the

arcs causes rapid circulation to take place and the

gases are removed which are often retained in the

metal and cause bad steel when poured inti) the ingot

moulds directly from the Bessemer converter without

electric refining.

Furthermore, in this electric refining process segre-

gation of sulphur and phosphorus are largely avoid-

ed wdiile any quality of steel may be produced regard-

less of the quality of the rav\- materials.

It is well known that the Bessemer converter proc-

ess for making steel is far cheaper than the open-

hearth process, but the quality very largely depends

on the metal, ore and other material available, and it

is not possible to test the metal during the operation.

The resulting steel therefore from high phosphorus

and high sulphur charges contains an injurious quan-

tity of suljihur and phosphorus which cannot be elim-

inated by the existing acid Bessemer process. Too

much or not enough carbon, manganese, silicon or

other elements can readily be corrected and gauged by

the charge introduced into the converter and subse-

quent treatment but phosphorus and sulphur less

than .09 and preferably below .05 is desired and this

is not attainable by the existing present Bessemer

process.

With these special electrodes and the use of an elec-

tric arc for refining purposes, materials can be used

in the electrodes or added to the bath for a neutral

slag, as it is maintained that a thorough deoxidization

of the steel is not possible where there are iron oxides

in the slag as they will react to a certain extent with

the molten bath of steel.

It is held that adding carbon under ordinary con-

ditions will not result in complete deoxidization as

Fig. 8

—

Electric Furnace Provided with Composite
Electrodes.

both iron carbide and ferrous oxide readily exist to-

gether. By means of the electric process of steel re-

fining with these combination or composite electrodes,

however, carbon or a mixture of carbon and iron

may be added to the slag as an auxiliary to the carbon

and iron may be added to the slag as an auxiliary to

the carbon mixture of the electrode, forming calcium

carbide and resulting in deo.xidation without the

slightest difficulty at no great expense, and on any

scale desired by providing electric arc apjjaratus for

several electric furnace ladle cars arranged for serv-

ing various Bessemer converters or open hearth fur-

naces.
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The desired amount of manganese can be added for

coimteracting the bad effects from the ferrous oxide,

the carbon reducing the manganese ore which has been

added to the slag and taking out the last traces of fer-

rous oxide leaving the steel bath protected by the lay-

er of slag from oxygen in the air so that no further

oxidization takes place.

The determining questions of the electric refining

of steel are cost and output. By shortening the time

or treatment with these special composite electrodes

combined with slag producing mixtures, and refining

only down to such percentage of phosphorus and

sulphur as are essential for rails and structural steel,

the electric power consumed is so low and the time

required so short as to be practical for this work.

By this process cheap ore can be used having high-

er phosphorus and sulphur, these ores being abund-

ant while high grade ores are nearly exhausted.

This new composite electrode process may be util-

ized as an auxiliary treatment to the Bessemer process

for eliminating the phosphorus by employing an oxi-

dizing slag in the bath as the molten metal is treated

in the electric ladle with the arc, the auxiliary slag

producing materials in the combination or composite

electrode acting instantly on the metal and the slag

being in a highly fluid state as it melts in the high tem-

perature of the arc.

The highly^ oxidized metal from a Bessemer con-

verter overblown may be utilized deoxidizing same

in the electric ladle by this process. It may be stated

that the desired end to be attained by this electee

auxiliary process with the Bessemer converter for rail

making particularly, is the reduction of phosphorus

to .05 or thereabouts by the oxidizing slag and electric

arc, the other elements being easily controlled by ex-

isting Bessemer methods.

It is well known that with the Heroult electric fur-

nace having pure carbon electrodes and a treatment

extending from 75 to 90 minutes or more taking molt-

en metal from an open-hearth furnace and electrically

treating same with oxidizing and neutral slags the

phosphorus can be brought down to .003 per cent and

the sulphur below .007 per cent according to time of

treatment.

By the use of the composite electrodes containing

slag producing mixtures it is possible to reduce the

phosphorus to .03 or .05, which is 10 to 20 times as

much as the above in a far shorter time and within

practical limits for Bessemer working only a small

part of the phosphorus being removed.

It is also well known that the carbon is always elim-

inated before the phosphorus and if it is attempted

to carry the reduction far enough to lower the phos-

phorus, in an open-hearth furnace, the metal is high-

ly oxidized and decarburized.

This composite electrode process provides a means

of taking the highly oxidized metal from the open-

hearth furnace, if carried far enough to eliminate as

much phosphorus as desired and by electric treat-

ment with the arcs and these special electrodes having

neutral slag mixtures it is also possible to eliminate,

if desired, nearly the last traces of sulphur and metal

being deonidized and as much carbon being added as

found desired, producing a finished steel of any de-

gree of perfection desired according to the length of

time the electric treatment is carried on.

It may be stated that in metal taken from an open-

hearth furnace, if the reduction is carried on long

enough to reduce the phosphorous to .01 per cent or

less than this amount, the carbon is eliminated. It is

of course true that such a highly oxidized metal would

be very unsatisfactory in practice but by means of the

electric furnace treatment with these composite or

combination electrodes, the arc and proper slag mix-

tures, introduced in the molten bath, together with

the proper mixture in the electrode themselves acting

as auxiliary slag producers, will bring most satisfac-

tory results, eliminating the sulphur, adding the prop-

er amount of carbon and deoxidizing the steel com-

pletely.

The proper mixture can lie introduced into the

molten bath and also provided in the electrode mix-

ture to remove the sulphur on account of the high

temperature of the electric arc even though the slags

selected could not be used by any other slag materials

to lower the melting point and this would interfere

with the efficiency of operation. The slag mixture is

also melted to a highly fluid state at the arc largely

from the mixture in the electrode itself, placed there

for this purpose, ^in addition to that supplied in the

ordinary way on the top of the bath.

Ordinarily there is great trouble and it is very cost-

ly to deoxidize the metal by existing processes and it is

claimed that pipes and blow holes are produced in the

ingot and other difficulties result from the presence of

iron oxides. It is also maintained that when ferro-

silicon and ferro-manganese are used to prevent these

troubles, the oxides which result stay in the steel as an

"Emulsion" in a finely divided state.

By this process of only taking the metal from the

converter or open-hearth furnace when it is nearly fin-

ished steel and molten and merely completing the re-

fining operation electrically only one-quarter of the

electric power and less time is required than when

electrically heating from cold metal. It is of value as

an auxiliary process to the Bessemer converter and

open-hearth furnace taking the molten metal with lit-

tle loss of heat and refining same to any degree ac-

cording to time taken, the mixtures of carbon and iron

or steel combination electrodes used and nature of

slag employed.

While this process is specially adapted to the refin-

ing of molten steel taken from the Bessemer converter

and open-hearth furnaces and treated in an electric

furnace or ladle, it is not confined to this as the iden-

tical process will convert iron into steel from the molt-

en or cold state without being previously treated in a

Bessemer converter. Any gtrade of steel may be

made regardless of quality of raw materials and car-

bon mav be eliminated from electrodes for special
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steel making, the curieni being conducted to the arc

by the iron rod instead of carbon and iron oxide, or

conii)osite electrode.

The neutral slag electrodes may work with a low

current arc or dipping into slag and heating by resist-

ance and the steel may be kept for hours under this

molten neutral slag without changing its quality. The

metal may be cast, remelted or worked over to a high-

er or lower grade or it may be cooled, chilled and

melted a second time without injuring the quality of

the steel.

The cost of production in this process is low as most

of the work of steel making is done by the Bessemer

converter or open-hearth furnace, only the removal

of small percentages of the phosphorus or sulphur

from the steel being attempted or the deoxidation of

the metal, this being a good product for the larger

rolling mills which supplies the demand of rail and

structural steel interests. The partial removal of the

injurious phosphorus and sulphur reduces the time

to a few" minutes instead of hours, hence reduces the

current required per ton.

It may be stated that the shorter time also lowers

cost of limings and refractory materials per ton of

metal as many charges may be treated in same time

required for treating one open-hearth charge by exist-

ing process with gases alone. This shorter time proc-

ess only reducing phosphorus from .09 to .05 for rail

steel instead of to .003, which is possible by longer

treatment, makes it a practical process for rail mills

dealing with Bessemer converters treating full charges

of 15 tons in electric ladies, handled by cranes taking

same to positions where electrodes are inserted.

After treatment the metal is drawn from the bottom

of ladle or tilted and poured into the ingot moulds

after slag has been removed. These simple methods

are of vital importance as any new process for remov-

ing phosphorus and sulphur, should not greatly in-

crease the cost of power ; should not cause excessive

cost for basic linings or electrodes, or slag producing

materials and should be readily used as an auxiliary

process in existing Bessemer plants.

MODERN CUPOLA PRACTICE.*

By JOHN C. KNOEPPEL.

The total value of the production of gold, silver and

copper in Wyoming in 1910, according to C. W. Hen-
derson, of the United States Geological Survey, was

$32,234 against $69,028 in 1910. The gold yield was

$3,199 against $4,086 in 1909 ; silver, 1,478 fine ounces,

valued at $798, against 1.754 ounces, valued at $912;

and copper, 222,339 lbs., valued at $28,237, against

492,539 lbs., valued at $64,030. The amount of ore

sold or treated was 1.474 tons, against 2,393 tons in

1009. There were 12 producing mines in Wyoming
in 1910. of which 4 were gold placer mines. Copper

has been the most important metal produced in

Wyoming, and the state is to be credited with a total

output of 25,843,400 lbs. of copijer from 1881 to 1910

inclusive.

Foundry owners frequently wonder why they are

having trouble with their iron, blaming almost every-

thing but their management of the cupola. This has

not received the attention that it should, and as a us-

ual thing the cupola is considered foolproof, in fact,

is expected to run itself. Good w^ork with the cupola

is first of all dependent upon a thorough knowledge

of the cupola and its performance while working un-

der the blast. The construction must next be such

that the proper amount of air can actually get in, and

in such a w'ay that the temperature conditions are as

uniform as possible, so that cold spots are avoided.

The tuyere area must be of such a size and so arranged

that the blast enters the cupola without undue friction.

Preparing for the Charge.—The ultimate shape of

the cupola lining, if allowed to take its own course,

will be found to be slightly built out above the tuyeres,

and this is an argument that, if left that way, it is most

desirable for efficient work. Hence in chipping the

cupola and daubing up, it were best left so that only

the refuse matter and iron above the tuyeres is taken

away, but that this natural shape is left intact. The
daubing can be very light, and cracks filled with small

broken firebrick or fiat brick, as the condition may re-

quire it. As the heat at this point becomes very in-

tense, there is a tendency for the daubing to crack

of? long before melting is in progress. This material

falls into the stock and retards melting afterward.

Bottom is put in so that the surface, while dipping

from back and sides to the spout, does not fall too

steep, as the melted material will run downward with

too much force, causing trouble in tapping during the

heat. It should be so made that the iron will lie quiet-

ly on it and not injure or break through it. The nec-

essary shavings and kindling are now put in, the lat-

ter being laid by a man in such a way that when burn-

ing it will do so evenly and without injury to the bot-

tom. Coke is now thrown in and allowed to burn

through evenly. When up to proper height, as indi-

cated by wire gauge or other suitable method, charg-

ing may begin.

Details of Charging.—Charging should commence
at least 2 hours before the blast is put on, so that the

stock may become well heated through, and the time

for lighting up should be arranged accordingly. There

should be neither too much nor too little coke on the

bed. Oftentimes the cupola man is allowed to take all

he wants, and the result is a prolonged heat, with dull

iron instead of the expected hot material. The iron

charged should be of medium size, especially in small

diameter cupolas. There should not be too many open-

ings for the free passage or rather escape of the blast.

In large cupolas, while the stock can be larger, it

Paper read Vxfnre American Foun(lr,\'men's Association.
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should not be charged in too compact a way, thus re-

tarding the blast.

The amount of the bed of fuel for a cupola is de-

termined by a number of factors : The diameter inside

the lining, the height of the tuyeres, blast pressure,

class of work, etc. For light work, with practically

continuous melting and pouring, the tuyeres should

be set low, thus saving fuel for the bed.

The bed should extend from 20 to 24 in. above the

top of the tuyeres, whether one or two sets are used

—

above the top of the upper if the latter. On the other

hand, the tuyeres must not be set too low, otherwise

if any iron is to be held it will be chilled if remaining

in too long. From 12 to 16 in. from the bottom plate

to the bottom of the tuyeres would seem about right

for ordinary practice, the bottom being from 4 to 6 in.

thick.

Slagging.—Slagging when the tuyeres are very low

often does more harm than good ; it retards melting

and is destructive to the cupola lining. If the heats

are heavy, so that slagging must be resorted to, it is

better to put the tuyeres up higher in the first place.

The slag hole should not be opened until the slag is

high enough to reach it; usually 10 tons or so of metal

will have passed out bj- that time.

In large cupolas for medium lieavy work the tuy-

eres are usually set from 18 to 24 in. from the bot-

tom. The higher they are set the more fuel is required

for the bed. Alore air must be forced through or else

melting is unduty slow. High melting zones and blast

pressures have a tendency to harden tlie iron, make

more slag and give trouble generally.

The charges of iron should be uniform, the first be-

ing as large as the last. While undoubtedly more iron

could be carried on the first charge, it would mean
lowering the bed unduly with subsequent trouble, as

the coke charge coming down will not restore the bed

to its full height again. It is the best kind of practice

to maintain the bed at its proper height at all times,

and this can only be done by small and equal charges

of metal and the proper proportion of coke between

them.

In long heats of high tonnage, it is oftentimes a

good practice to help build up the bed by adding addi-

tional coke at intervals. Experience will show this

best. The writer has always had better results with

.^uch small charges. The melting was more uniform

and more rapid, with hotter and better iron. With
heavy charges the melting difficulties result in giving

metal with compositions different from the expected,

and the chemist get the blame, which reallv belongs to

the foundry manager.

The ]'ohtme of Air Important.—The construction

of the cupola should be such that the air entering has

great volume at low pressure rather than vice versa.

Good lining material should be used, preferably double

up to the charging door and single from there upward.
The clay-wash should be mixed a day previous to use,

and the addition of a httle salt helps to tighten the

joints. Space is left between the lining and the shall

—about half an inch—and this filled up with a grout

of old firebrick, ground up, and clay. The lining at

the melting zone, as stated previously, is allowed to

take its own shape during the heats, being originally

straight like the rest of the construction. If this is

done, the melting capacity will be found increased.

\\'hile this is the experience of the writer, he does not

wish to be understood as advocating a contracted

hearth construction.

Fuel that burns up fast, such as coke, must neces-

sarily be supplied with a sufficient amount of air in

quick time. The design of the tuyeres, therefore,

plays an important part in this. The writer has found

that a continuous tuyere of proper design gives the

most uniform distribution to all parts of the cupola

furnace. The velocity of the air is reduced and the

best kind of melting is obtained.

When it is considered that to melt 10 tons of iron

about 300,000 cu. ft. of air must be admitted into the

cupola for that hour, it will be seen that the tuyere

conditions must be such that a minimum obstruction

shall take place before the blast actually is doing its

work in the charges.

The coke below the tuyeres serves simply to hold

the iron and support the stock. The temperature is

far below that of the iron, and hence every pound thus

used, unless for special reasons, is a direct waste. If

the iron is held in the cupola too long the blast strikes

over the top and injures it. Hence, while on general

principles low tuyeres are advisable, they should not

be so much so that the metal is damaged when carry-

ing out the daily practice.

The charging door should be as high as conditions

will permit above the bottom, so that the fuel will re-

ceive the benefit of the heat otherwise wasted. Ten

to 15 ft. is the usual custom, though the distance is

often made greater. Where a very high stack and

charging door is used it is sometimes advisable to put

in an intermediate door, so that in charging the first

part of the heat the bed is not damaged. Further, it

allows a more even charging. This intermediate door

should be sealed up when the charging has reached

that point, and then the upper door is used. The

charging floor would naturally have to be constructed

accordingly.

In every cupola, under the same conditions, there

is a fixed melting zone. Below and above this the

metal cannot be melted successfully. In either case

the metal would be dull and damaged. This zone? is

determined by the cupola conditions and the volume

and pressure of the blast. If the iron comes down
within 10 ins. of the putting on of the wind it would

indicate that the bed was of proper height. If it takes

longer, then the bed was too high. The excess of fuel

must be burned away, and in doing this the iron is

melted slowly and becomes dull instead of very hot.

The melting zone is usually a space across the cupola

about 4 to 8 ins. high. Where the blast is heavv this is
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sometimes greater. A double set of tuyeres seuds the

meltiug zone up higher than is the case with one row.

The Fuel Ratio.—Regarding the fuel ratio, this

much nia\- be said. What is economy in one foundry

becomes a waste in another. The high melting ratios

published are oftentimes very misleading. For general

purposes 7 to 8 lbs. of iron t<i i of fuel is very fair.

With the same sized small metal charges to coke be-

tween charges generally works out at i to 10. This

can often be cut a little on the coke end if the bed is

ample, especially at the end of the heat. As this work

should not be left to the tender mercies of the cupola

man, it is a gixxl plan to hang up a chart of sufficient

size in the charging room on which every charge is

marked plainly, so that it can be followed without diffi-

culty. All stock should be weighed, as even the coke

will not run uniform in weight if measured in a basket.

This is not with the idea that the fuel should be

skimped, but simply to have the conditions in charging

as perfect as possible, so that the best results may be

expected and obtained.

For 20 years the writer has advocated the use of

small charges and as mild a blast as possible, and he is

glad to note that others are beginning to agree with

him. The question of the tuyeres has been his special

study, and he hopes that the system bearing his name
may have helped to make the work about the cupola

easier and the results surer. The cupola is not merely

a vessel into which any old thing can be thrown and

good results obtained, but it may become a money
maker or loser just as one pleases. In these days of

keen competition it becomes a problem not only to

melt iron properly and economically, but to turn out a

product that will give the smallest percentage oi scrap

casting's.

COKE OVEN GAS AS AN OPEN HEARTH
FUEL.*

By ARTHUR P. SCOTT.t

The value of the mine output of gold, silver, copper,

lead, and zinc in Montana in iQio, according to V. C.

Heikes, of the United States Geological Survey, was

$48,358,253, against $51,429,694 in 1909, a decrease of

$3,071,440, occasioned almost entirely by the lessened

output of copper ores. The value of the gold, silver,

and copper combined was $4,326,868 less than in 1909,

while the value of the lead ami zinc yield was $1,255,-

427 more than in 1909. The value of the production of

Silver Bow County, which includes the Butte district,

was 91 per cent of the total value of the metals from

Montana. The decrease in value in this county was

$3,108,861, so that the combined production of the

other counties in Montana was slightly greater in 1910

than in 1909. The production of gold in 1910 w'as only

$61,024 less than in 1909. The greater part of the

gold, 1 15,261.06 fine ounces, or 64 |)er cent of the total,

was from siliceous ores; and 31,441.93 ounces, or 17

per cent, came from copper ores. The placer gold in

1910 amounted to $575,917. of which $473,385 was ob-

tained by dredging. The gold won from placers was

$32,545 greater than in 1909, but that taken from lode

mines was $93,569 less.

Characteristic of more or less recent metallurgical

literature has been an increasing interest in the dispo-

sition of by-product coke-oven gas, more especially

with reference to its possibilities as a fuel in the open-

hearth furnace. In this connection four articles,

which seem to be of special importance, will be briefly

abstracted by way of introduction to a short discus-

sion of the subject. The first of these, "On the Pres-

ent-Day Status of Basic Open Hearth Practice," which

is to be found in Nos. i and 2 of Stahl und Eisen for

1910, was read by Dr. Otto Petersen before the Verein

Deutscher Eisenhiittenleute on December 5, 1909, in

Diisseldorf. In describing the Hubertushiitte open

hearth plant in Kattowitz, O. S., Dr. Petersen says in

substance

:

RESULTS AT HUBERTtTSHUTTE.

The steel works consist of two 20-ton and one 25-

ton basic open hearth furnaces, the capacity of whose

regenerators amounts to about 1.4 cu. m. per ton in

the gas chambers and 1.6 cu. m. in the air chambers.

The gas producer plant consists partly of old Siemens

producers and partly of modern water-sealed pro-

ducers. This open hearth plant has been using coke

oven gas as fuel since June, 1907. The quantity of

oven gas used was small at first, but was gradually in-

creased until, taking the coal consumption at Huber-

tushiitte for 1906 as normal under producer practice at

31.8 per cent in September, 1909, with an ingot pro-

duction of 6,200 tons, the coal consumption amounted

to only 14.9 per cent, so that 53.15 per cent of the total

coal requirements was replaced by oven gas. The

above fuel consumption includes, besides the open

hearth furnaces, provisions for such allied require-

ments as test and hardening forges, ladle warming
and a 6-ton acid open hearth in the steel foundry with

its annealing and core ovens. Oven gas is in regular

tise at Hubertushiitte, and the full complement of pro-

ducers is only requisitioned to make good an occasional

shortage. The life of the open hearth ends and roof

has been reduced by about 8 to 10 per cent ( being

now 550 to 600 heats), while the life of the checkers

has been increased 40 to 60 per cent (now 1,050 heats).

For this reason, along with the saving in coal, imload-

ing wages, producer labor and maintenance, this de-

parture in open hearth practice appears to be of con-

siderable economic importance.

EXPERIENCE .\T SYDNEY, NOV.\ SCOTI.V.

In the discussion following Dr. Petersen's address,

R. von Maltitz, of Barmen, said in part: "Some years

ago I had to run three of the open hearth furnaces on

coke oven gas exclusively at the works of the Dominion

Iron & Steel Company, at .Sydney, C. B., Canada. It

was not possible to preheat the oven gas in the rcgen-

From The Iron Age.
tMetallurgist, Allegheny Steel Company, Brackenridge, Fa.
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erators without considerable loss of CO and a corre- passing it through hot coke or coal. He adds, how-
sponding increase of CO.. We were compelled, there- ever, that in view of the ease with which low-grade
fore, to use the gas without regeneration and we fol- dust coal may be used under boilers and of the fact

lowed the method employed in the Pittsburgh district that blast furnace gas is distinctly more suitable for

for natural gas; that is, the gas was fed into the fur- gas engine consumption than is oven gas, the logical

nace through 6-in. pipes inserted close to the hearth on outlet for the latter is through the open hearth fur-

both sides of the ports. The heat obtained from this nace, for use in which, as has been fully demonstrated
gas was so small that we were compelled to supple- at Hubertushiitte, it is pre-eminently well adapted,

ment it with tar from the coke oven plant. As a result
r , r , ,-r r , r , ,

OVEN G.\S ,\T THE COCKERILL STEEL FOUNDRY.
of the use of tar the life of the roof was reduced to

90 heats. We were obliged after three years of fruit- The third article, which is a communication made to

less effort to give up the use of coke oven gas with '''^ alumni of the Liege Engineering School on May i,

tar. For this reason it would interest me very much iQio, by Charles Wigny, chief engineer of the

if Director Amende, of Hubertushiitte, gave a few Cockerill Company, and published in the Rcviie Univer-

details concerning his methods, whereby not only is
^<^'l^ dcs Mines for August, 1910, describes the use of

the time of heat cut down, but the life of 'the roof, con- oven gas in a 4-ton, open hearth furnace in the

sidering the fuel employed, is so unusually high." Cockerill foundry. This article was reviewed from

Director Amende in replying gave no information
^he German in The Iron Age of February 2, 191 1, p.

as to the method of introduction of the gas, merely ^18, but has lost so much m the double translation that

adding the following facts: The coke oven plant at
'^ ^"" '^^ ^^'^" ^"'"''^ the reader's while to refer to the

Hubertushiitte consists of 90 Otto-HofTman ovens,
o"gi"'-'l- A few of the main facts are here recapitu-

10 m. long, 1.5 m. high and 0.55 m. wide. This plant
'^*^''- ^he furnace in question manufactures soft steel

handles 320 tons of coal in 24 hours, and the oven gas
^°' ^^'^ foundry, making with producer gas 3/3 heats

has the following composition

:

"^ -4 l^o"'-^ from a charge of 30 per cent pig iron, 35

Pgr j,g„( per cent steel scrap and 35 per cent steel turnings, with

CO; 6.5 . a yield of 95 per cent. It is of special design, the

Q ' j'o hearth, gas producers and regenerative chambers for

CH, 1G.4 the air constituting one solid block of masonry. The

j^ 248 S^^ is not preheated, but arrives from the producer

CO 10.4 with practically all of its sensible heat and without
The coal employed is of poor quality and 50 to 60 losing any tar or carbon. The fuel consumption under

per cent or even 70 per cent of the gas is used for producer practice is 40 per cent, which, in view of the

heating the ovens themselves. In general the excess small capacity of the furnace, seems excellent. The use
gas amounts to 45 per cent—in all about 50,009 to of oven gas as a fuel was begun without any change
70,000 cu. m. in 24 hours. There has been no dele- in the charge or in the furnace design, the oven gas
terious effect upon the open hearth product, which con- was led directly into the main of the two producers, it

sists of shapes and bars, also sheets and band iron of having been the original intention to mix oven and
the finest grade. In every respect the use of coke oven producer gases. This was found unnecessary, how-
gas has proved satisfactory and he would gladly use ever, and for almost a year previous to the date of
more of it if he had it to use. writing not a single kilogram of coal had been charged.
THE FIELDS FOR BL.\ST FURN.\CE AND COKE OVEN GAS. The ovcn-gas consumption per ton of steel was 435
The second article in question is a paper read before cu. m.. the daily production being raised from 14 to

the Fifth International Congress for Mining, Metal- 16 tons in 24 hours. The oven gas had the composi-
lurgy, Applied Mechanics and Practical Geology at tion

:

Diisseldorf in June, 1910, by Chief Engineer Terpitz. ]-[ .57 p^.^ ^^„^

who describes the use of oven gas as an open-hearth CO^ 1.5 per cent

fuel at Hubertushiitte, but adds nothing to the data CHt ................[...] .^^'^y.. ...... .'.'..['. 22.5 per cent

given by Dr. Petersen and Director Amende. He Nitrogen l.'i.ii per cent

1, i.1 i- 1
i. ,1 I ij-,- , ,

Calorific power, calories per M" 3(i4il
calls attention, however, to the large additional surplus (Net.)

of tunnelhead gas that has become available by reason Mr. Wigny then proceeds to show by calculation

of tlie development of the gas engine, and emphasizes that oven gas is actually a more efficient fuel in the
the increasing importance of studying the peculiar open hearth than is producer gas; that it is better

adaptability of blast furnace gas and coke oven gas, economy to employ oven gas in the open hearth than
respectively, that each may be employed to the best to use it for the production of power with either a

economic advantage. He describes certain attempts steam engine or turbine or a gas motor; and that with
to utilize blast furnace gas as an open hearth fuel, and, even a relatively poor oven gas the flame temperature
though results to date have not been definitely en- amply suffices for steel melting. On the other hand
couraging, he believes that in a few years blast fur- he points out that blast-furnace gas at the best pro-
nace gas will be successfully used in that capacity, duces a flame temperature that is very near the low
although it will probably have to be regenerated by line as far as open-hearth requirements are concerned,
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and that a poor blast-furnace gas, even with air and
gas both preheated to 900 deg., is quite inadequate.

THE HIGHER EFFICIENCY OF COKE OVEN GAS.

The fourth and last paper referred to is by M.
TarscMister in the Rcviic UnivcrscUc dcs Mines. No-
venihcr, 1910. This article has been reviewed from the

German in The Iron Age for May 18, 1911, p. 1911,

p. 1232; but, as C. C. Tufts very justly observes (The

Iron Age for June 22, 1911, p. 1501), this article also

suffered in the double translation.

Trasenster's contribution is best read as a sequel to

Wigny. He states that the very favorable results de-

scribed by Wigny for the 4-ton furnace in the Cockerill

steel foundry have been confinncd by a like experience

with the /-ton open-hearth furnace in the same foun-

dr\', and on the basis of some very interesting calcu-

lations explains why coke-oven gas shows higher ther-

mal efficiency in the steel furnace than producer gas

and that although under some conditions the efficiency

of oven gas in the gas engine may be greater than its

efficiency as an open-hearth fuel, nevertheless the

greater cost of producer coal as compared with the

poorer grades that may be employed for steam raising

may probably even then swing the actual balance of

economy in favor of burning coke-oven gas in the

open-hearth furnace.

THE RESULTS SUMMARIZED.

The gist of the evidence to date appears, therefore,

to be:

1. That as regards steel works consumption, the

most economical disposition of the surplus gas of the

by-product coke oven is as an open-hearth fuel—a dis-

position which has been shown to be perfectly prac-

tical for the gas, either alone or mixed with producer

gas.

2. That the furnace tonnage is thereby not dimin-

ished, but rather increased and the furnace life is not

materially impaired. Recorded experience in this di-

rection seems to be confined to Kattowitz and Seraing.

It is unfortunate that the method employed at Huber-

tushiitte for introducing the oven gas into the furnace

has not been described, but the writer is informed^ that

mixture of the two gases is regarded as essential from
the point of view of safety, the producer gas being

lighted first and the oven gas- introduced subsequently

into the current of 'producer gas. At what point the

introduction is eifected is not stated.

Against these two successes must be scored the fail-

ure recorded by Herr von Maltitz at the works of rhe

Dominion Iron & Steel Company, at Sydney, and as

the writer has some knowledge of the manner in which

the experiments at the latter place were carried on, a

few notes regarding them may be of interest. The
facts are as recorded by Herr von ^laltitz, but other

facts which seem to the writer to have a very impor-

tant bearing on the case have been omitted.

FURTHER DATA ON SYDNEY TRACTICE.

In the first place, while it is true that natural gas is

'Private communication.

ordinarily introduced at both sides of the ports, it is-

also true that the Pittsburgh furnace in vogue with

this gas is characterized by its use of the open port witlv

both chambers on air, which is distinctly different

from the type of end employed in other districts for

use with producer gas ; and more especially does it dif-

fer from the type of end necessitated by the usual formi

of the Campbell type of tilting open-hearth furnace.

It is a perfectly safe assumption that the furnace end

in which it was attempted at Sydney to burn oven'

gas would not have proved successful with even nat-

ural gas, which is well known to be an almost ideal

open-hearth fuel. The complaint was made by the

Sydney melters that the oven gas "flew high to the

roof"—which was true ; but this manifestation was
wrongly blamed upon the relatively high hydrogen con-

tent of oven gas. As will be shown later herein, the

Sydney gas is of excellent quality. As a matter of fact,

whenever we find the flame in an open-hearth furnace

curling about the roof brick instead of sweeping rapid-

ly over the bath, we may conclude with certainty, not

that aught is amiss with the fuel, but that there is a

pinch in the draft somewhere. Natural gas in a poor-

ly drawing furnace will hug the roof just as closely as

the oven gas ever did at Sydney. The same principle

holds a fortiori when the congestion is aggravated by
the introduction of a bountiful supply of steam-blown
tar. The premature destruction of the roof recorded

by Herr von Maltitz is simply an indication that a

good fuel was misapplied. The writer firmly believes

that under the same conditions fuel oil would have
made an equally poor showing. Finally, the employ-
ment of coke-oven gas as a fuel at Sydney was only
one of several very formidable metallurgical problems
that confronted the management there at the outset

and it was considei-ed inexpedient at that juncture un-
necessarily to complicate the situation Ijy experiment-
ing further with oven gas, but the ingenuity of Herr
von Maltitz and of his associates had by no means
been taxed to the utmost in this regard when the use
of coke-oven gas was abandoned.

=

A COMPARISON OF GASES AT BELGIAN AND GERMAN
WORKS.

The following table (Table I) of analyses and of
calorific values based thereon are for the Cockerill and
Hubertushiitte fuels.

nt IS safe to say ttiat if tlie management of tlie Dominion Iron
A: t.teel Company had considered itself warranted by g-eneral
economic consideration in resuming the attempt to utilize ovenps in tins manner it would liave done so without hesitation,
because there is not. to the writer's knowledge, on this side of
the Atlantic a single steel works where the utilization of the by-
product IS more carefully and effectuallv studied than is done at
Sydney. For instance, the high phosphorus content of Dominion
iron, which at first seemed a serious menace to production, has
been turned to very material account, the procedure being toMow the molten pig in a basic vessel to low phosphorus and
then to transfer to a basic open-hearth furnace, where, by mix-
ing four or five pots of basic blown metal with perhaps one pot
of molten pig, a 50-ton heat is finished in a very short space of
time after the last pot has been blown, the "rehbil" with molten
pig counteracting entirely any superoxidation that may result
from the after blow. In this manner during a recent month
Dominion made nearly 12,000 tons of ingots from one 50-ton
furnace, which must be conceded to be a remarkable perform-
ance. Under such circumstances, of course, fuel cost almost
vanishes.. The economy of the process has more recently been
added to by marketing the basic slag as a fertilizer. The only
other plant where this basic duplex process has been operated,
so far as the writer is aware, is that of the Phoenix Company,
at Horde, Westphalia.
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T.\BLE I.

Annlyses.
Typical.

Cockerill Cockerill Oberschlesien Hubertushutte

prod. gas. oven gas. prod, gas.'' oven gas.

CO. ... 7..5 1..5 2.8 (15

O.. .. .. 1-2

GH .. .. 2.0

CO 1!».3 ().<• 30.2 10.4

H, L'.S .57.0 14.1 38.7

CH. ... 1.3 22.5 .. 16.4

N- 59.6 13.0 5-2.9 24.8

Calorific I 'iihtcs.

.-3 2.^- fl . g— 15 c*" '-^ p - M >- ?

z.^ <S.£oawg <« hS HS
Cockerill producer
gas 1024 .885 1.727 3.-523 3.118 G.(i41 6.084

Cockerill oven
gas '3608 3.678 4.363 1.000 .3.678 4.678 4.363

An Oberschlesien
prod, gas 1293 1.067 1.845 2.343 2.500 4.843 4.323

Hubertushiitte
oven gas '3029 2.986 3.741 l.(K)0 2.986 3.986 3.741

The tables clearly show that while the products of

combustion of oven gas are less voluminous than those

of producer gas, they are, nevertheless, considerably

more bulky than either an equivalent of producer gas

or the air required to burn it. Wigny's furnace does

not preheat the gas ; therefore the air downtakes must

be ample to accommodate freely all the products of

combustion and insure proper draft. The Hubertu-

shiitte furnace, on the other hand, being of the usual

producer-gas type, must needs keep both air and gas

downtakes in commission, in order to insure good work-

ing draft. This has been effected in one of the two

practical ways; viz., bv keeping gas and air distinct

and throwing the rich gas into a carrying medium of

lean gas. The other way is to merge gas and air ports

and utilize the whole regenerative system for air, in-

troducing the rich gas cold at the neck of the furnace,

as is done in the Pittsburgh district with natural gas

and which is in principle the method followed in the

4-ton furnace at Seraing.

now F.\R COKE-0\'EN GAS C.\N BE DEPENDED ON FOR

STEEL WORKS SUPPLY.

There is no reasonable doubt that scrubbed by-prod-

uct, coke-oven gas of average quality can be substi-

tuted for natural gas and successfully burned unmixed
with any other gas in the present Homestead type of

open-hearth furnace without detriment either to fur-

nace or to production, though there would be antici-

pated, other things being equal, a certain increase in

the sulphur content of the product, dependent upon the

character of the coking coal used. Nor can we doubt

that with the same general type of furnace, success-

fully burning fuel oil, a tar tank could be coupled to

the oil pumps, due regard being had to the fluidity of

the tar, without prejudice either to the furnace or to

production. .Admitting this to be so, let us see t6 what
extent in a self-contained steel plant, the by-product

'Pi'ivnt.e coniniiinication.

*Wi^ny's \ah;e is 3640 calories,

'Amrnde's value, presumably :\llo\vinK fur benzol etc 3300
calories.

coke oven installation may be depended upon for open-

hearth fuel.

Let our blast-furnace plant, with a fuel ratio of 2,000

lb., deliver 1,000 tons of molten basic iron per day to

our mixers. Let us use exclusively our own scrap

which we shall suppose amounts to 20 per cent. Let

our open hearth yield (ore not reckoned) be 98 per

cent and let our fuel consumption be 8,000" cu. ft.

of natural gas per ton of steel. Let our natural gas

have the following composition and calorific value

:

Carbon dio.xide

O-xvgen 0.2

Ethylene 2.2

Carbon niono.xide 0.3

Hydrogen 3.0

Methane 91.8

Nitrogen 2.5

Net calorilic value (calculated), calories per cu. m 8298
Volumes of air required to burn one volume of gas 9.13

Let our coke-oven gas have the following composi-

tion and calorific value
:"

Carbon dioxide -3.2

Oxygen ; 0.4

Ethylene 2.8

Carbon mono.xide 6.3

Hydrogen 41.6

Methane 29.6

Nitrogen 16.1

Net calorific value (calculated), calories per cu. m 4240
Volumes of air required to burn one volume of gas 4.43

We can, therefore, figure roughly on an oven-gas

consumption of 16,000 cu. ft. per ton of steel."

The following is fairly typical of the charge and

yield of a well-known type of by-product oven with a

good average gas coal

:

Charge : 5.65 gross tons of coal.

Yield-
Coke, net tons 4.43

Tar. U. S. gallons 57
Surplus gas, cu. ft "22,600

On this basis we figure from our i ,000 net tons daily

of coke a surplus of 5,100,000 cu. ft., or enough, none

being diverted to other uses, to take care of 320 tons of

steel daily ; that is, about 25 per cent of our ingot pro-

duction, which we may calculate as 1,219 tons. With
a higher fuel ratio at the blast furnace we should, of

course, have a correspondingly larger surplus of gas.

In addition to this gas surplus we have also

1,000 X 57
= 12,867 gal. of tar as a- by-product from

4-43

our daily quantum of coke. Figures on the calorific

value of coal tar are by no means plentiful, but from
an abstract of an address by President Godinet, of the

Societe Technique du Gaz en France, and which ap-

pears in the Journal of Gas Lighting, Water Supply,

'This is a most liberal allowance. Under standard conditions
this figure should be well under 7,000 cu. ft. per ton for basic
furnaces.
'The flg-ures here given represent a typical analysis of the

Sydney gas, and are taken from trustworthy notes in the
writers possession. This gas has at times been poorer, hut
was practically always at least of the excellence recorded for
the Huliertushiitte gas.
'This estimate is somewhat higher than the consumption given

above for Wigny's 4-ton furnace. He reports the equivalent of
],"j,355 cu. ft. tor a gas with a net calorific power of only 3640
calories, which, in view of tlie coal consumption of 40 per cent
reported hy him for the same furnace under producer practice,
shows our forecast to be conservative in the extreme. Our esti-
mate also takes no account of suspended tar and benzol, which
quite appreciably enhance the actual heating value of oven gas.

'"The figures given by Director Amende of Hubertushiitte are
equivalent to approximately 37,400 cu. ft. of surplus gas for the
same oven cl'arge. His figures seem to indicate a 36-hour coke.
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etc., July i,^, 1909, p. 99, we select a heating value of

8,000 calories, that being the lowest of the several

values there given. The highest value quoted by M.

Godinet is 11,000 calories and some authors give 10,-

500 as a representative value. Using 8,000 calories

and a specific gravity of 1.18, we calculate calories per

gallons of tar as 35,736 virtually the same value as

35,961 per gallon of fuel oil of the usual 10,555 cal-

ories and specific gravity 0.900. Assuming like ther-

mal efSciency in the furnace for both tar and oil, we
find ourselves enabled with 12,867 gal. daily of tar to

provide for the production of a further 250 tons of

steel, on the basis of 50 gal. of fuel oil per ton of

basic open-hearth steel—a reasonably liberal allowance.

We have thus substituted gas and tar for 47 per cent

of our fuel consumption. In other words, figuring the

coal consumption under producer practice as 700 lb.

per ton, we effect a daily saving of alx>ut 180 tons of

coal, which represents an absolute return of 14 per

cent of the coal required to produce our daily coke

supply, besides a certain small reduction in producer

maintenance and wages; also, the life of the furnace

should not be appreciably affected. When a melter

states that fuel A is harder on the furnace than fuel

B, he is simply unconsciously stating that he and his

bricklayer have been accustomed to fuel B and favor

furnace lines that suffer under fuel A. A melter ac-

customed to fuel A will aver contrariwise, and so on.

If the Hubertushutte regenerators are situated imme-

diately beneath the furnace and lack slag pockets ; if

the producer coal is relatively high in ash and the pro-

ducers are fairly close to the furnace—all of which

things are probable—the increase of checker life with

oven gas, as recorded by Director Amende,'" is read-

ily understood. Under nonnal conditions, however,

the character, both physical and chemical, of the stock

employed, has more to do with furnace life than has

the fuel.

OBJECTIOXS TO BY-PRODUCT G.\S.

There are two objections that may be urged against

the use of by-product gas

:

1. A shop that depends upon tonnage for its liveli-

hood must standardize in every possible way, and in

the long run, other things being equal, an open-hearth

mill burning the same fuel all along the line has the

advantage of the mill which bums three fuels.

2. Not least among the advantages of a producer

fired furnace is its absolute independence of every oth-

er part of the world, as far as fuel is concerned, except

the coal yard. The furnace fired with oven gas or tar

introduces an additional peradventure. If the normal

fuel for the mill be natural gas or oil, this objection is

negligible, since in the light of the above ventured

opinions natural gas, fuel oil, oven gas and coal tar

can be burned interchangeablv in the oven-port type of

furnace. If the normal fuel, however, be producer

gas, two types of furnace are necessary ; and in case

of absolute failure of oven-gas supply, the open-port

tvpe will require at the very least one week's time to

change it over to the producer-gas pattern. On the

other hand, of course, such failure of oven gas can be

met by the use of stored tar for a time, or by fuel oil.

A comparison of the reigning prices for tar and fuel

oil, respectively, will be found to be very instructive in

this connection, more especially in view of the prob-

ability that the former price will not rise and that the

latter will not drop, at least, in the near future.

SMALL OPEN HEARTH FURNACES.

By WALTER MACGREGOR.t

The design of a furnace to get the best efficiency

from the fuel, depends entirely upon the nature of

the fuel to be burned. To get the highest temperature

our furnace body should be of such proportions that

we could burn the necessary amount of fuel in the

smallest possible space, and in order to burn a large

amount of combustible in a small space a short flame

is necessary. The factors governing the short flame,

according to the fuel experts of the United States

Xavy, are: (i) a pure carbon fuel; (2) initial heating

of the air which furnishes the oxygen for combustion

;

(3) intimate mixture of the oxygen w-ith the fuel or

dift'usion ; (4) large surface of the fuel presented for

impact of this oxygen.

The first factor, the nature of the fuel, is settled for

us, as we have decided upon fuel oil. with a probable

analysis as follows: Carbon, 83.26 per cent; hydrogen,

12.41 per cent ; sulphur, 0.50 per cent ; oxygen, 3.83 per

cent, and with a specific gravity at 60 deg. F. of 0.926.

The heat value of this fuel, according to Du Long's

formula, would be 19.481 B. T. U. per pound. From
this analysis we can easily compute the quantity of air

required for combustion and the products of combus-
tiou for any amount of fuel burned.

As a representative size of the small open-hearth

furnace we will choose a 5-ton furnace as an example.

We are to melt and reduce 5 tons of metal, and from
the time of charging the heat till the time of charging

the following heat we w-ill assume 4 hours, and as the

oil consumed varies so much in different furnaces, we
will assume as an average fuel consumption 48 gals, of

oil per ton of steel melted in this time, or i gal. per

minute.

Considering 12 lb. of air required for burning i lb.

of carbon, and 34.78 lb. of air required for burning

I lb. of hvdrogen. we have frona the analvsis of the

fuel

:

9.991-2 II)S. of air required to Inirn the total carbon in fuel.
4.21(11 lbs. of air required to burn the total hydrogen in fuel.

14.207:^

.16 correction of amount for oxygen in fuel.
14.047.3 lbs. air required for complete combustion of I lb. of

liquid fuel.

With fuel oil of 7.72 lbs. per gallon we have 14.0.17 X 7.72= 108. -37 lbs. air required per gallon of oil.

With air at l:il4 cu. ft. per lb. we have 108..S7 X 1.S.14 =
1424.11 cu. ft. air required to burn one gallon of fuel oil.

Hence, to burn i gal. we must admit theoretically

1.424 cu. ft. of air per minute into the furnace. To

•Paper ipart bpfore the American Fonndrvmen'.s Association.
fAmerican Steel Foundries, Indiana Harbor, Ind.
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this we must add the amount of air required in reduc-

ing the carbon and silicon in the metal: io,ooo-lb.

charge, of which 12^ per cent is pig iron of about 2j4

per cent carbon and the rest steel scrap and billets of

about 0.30 per cent carbon, all to be reduced to

about 0.18 carbon at the time of tapping. From this

we get the total carbon contents of the bath as 56.5 lb.

to be reduced to 18 lb. of carbon, or 56.5 — 18 = 38.5

lb. of carbon to be burned out in about 2 hr. of reduc-

ing the charge, and, as before, 157.6 cu. ft. of air are

required to burn i lb. of carbon, we have 157.6 X 38-5

= 6,070 cu. ft. of air required in 2 hrs., or 50 cu. ft.

per minute. All of this passes off with the products

of combustion. In the same way we can determine the

amount of air required in eliminating the silicon, which

will run about 42 cu. ft. per minute. A certain amount

of oxygen is also taken up by the manganese, but this

is so small as to be neglected.

With the total theoretical amount of air required,

1,424 -|- 50 + 42 = 1,516 cu. ft. per minute, we are in

a position to determine the proper furnace proportions

with due regard to the second circumstance in produc-

ing the short flame; "initial lieating of the air." The

volume of air is figured at a temperature of 72° F.,

which will be about the temperature of air entering our

valve. The increase in volume of air at different points

along its travel due to its increase in temperature must

be the governing factor in designing the ports, flue

openings, etc. As the volume of this air increases in

a direct ratio to the absolute temperature, it follows

that the volume occupied at any point may be com-

puted when the temperature at that point is known.

In case of the air valve, due to the reversing feature

• of the furnace, this should be figured rather to ac-

commodate the products of combustion than the enter-

ing air, as these are at a higher temperature, and will,

therefore, require a greater area of flue. The tem-

perature of the valve is a vital point in the problem of

design, for any heat beyond this point toward the

stack is lost as far as the furnace is directly concerned,

and can only be used in the field of economizers. In

determining the size of the valve we will first have to

determine the velocity of the products of combustion

through the valve due to the draft of the stack, and this

in consequence gives as our starting point the design

of the stack, which we would naturally consider as our

finishing point.

A number of eminent authorities on chimney design

have chosen 600° F. as the most economical stack tem-

perature, and Rankine has spent considerable time in

trying to prove it in his work on "steam engines." I

have never seen an open-hearth stack with that low

temperature, and will, therefore, base my calculation

on a temperature of 1,000° F. as being more nearly

uniform with current practice. In my experience with

small furnaces I find that the most satisfactory stack

draft to be maintained is about i in. of water. This

is a function of the height of the stack and the differ-

ence in temperature inside and outside the stack. With

this difference in temperature and a draft of i in. of

water, we would get a stack no ft. high, and hence

we will assume this as the minimum height to be de-

sired. The velocity of gas due to the pressure head

corresponding to this height of stack and temperature,

allowing a 25 per cent friction factor, is a little less

than 15 ft. per second, which is recommended by a

number of authorities as good practice.

We have based our calculation, so far, on the theo-

retical amount of air required for combustion, but will

design our stack and flues, as in the case of power-

plant design, for an excess capacity of 100 per cent,

which would be 3,000 cu. ft. of gas per minute, or 50

cu. ft. per second. This divided by the velocity of 15

ft. per second would give a sectional area of stack of

3 1-3 sq. ft., or a trifle over 2 ft. diameter, and we will

assume 27-in. diameter of stack as best suited to this

furnace, and plenty large enough to permit of any

crowding of the furnace. This then will also be the

size of the valve and flues leading to the valve from

the checker chambers.

The second factor governing the short flames, "the

initial heating of the air," spoken of before, is intro-

duced by means of the reversing feature of the furnace

through the checker chambers, and these chambers

should be so designed as to slow up the travel of the

products of combustion, in order that they may give

up the major part of their heat to the checker brick, or

that part of the heat which is not required to produce

the stack draft. The cubical contents of these cham-

bers should not be less than 75 cu. ft. per ton of steel

melted per heat, and preferably in the neighborhood of

100 cu. ft. per ton. These chambers should be located

behind the furnace and not immediately under the fur-

naces as in large ones, as they operate at a higher tem-

perature and we should get the benefit of a good cir-

culation of outside air under the hearth of the fur-

nace. These chambers should be long and narrow or

deep, in oil-burning furnaces, giving a verj' long travel

to the products of combustion, before they reach the

valve, as on account of the highly volatile nature of the

fuel and the slowness with which many of the hy-

drocarbons mix with oxygen a great deal of the fuel

will be out in the stack before it has undergone com-

plete combustion.

The methods of gas analysis, as applied to steam boil-

er practice, will show some very interesting relations in

this regard. In a 5-ton furnace which I have been op-

erating a flue gas analysis will show the following:

Carbon Carbon
dioxide, monoxide. Oxygen.
Per cent. Per cent. Per cent.

.At the rear of the checker cham-
bers 24 ft. back of the center
bne of furnace G.4 3.1 0.2

In the air valve 9 ft. further

back 8.8 O..3 8.0

In the stack 16 ft. further back. 9.4 0.3 9.

With a decrease in temperature between the first and Vast

point from 1.750° F. in the icar of the chambers to 930° F.

in the stack.

In case all the fuel were burned before it reached

the stack the sum of the oxygen components of the flue

gas would be 21 per cent, as there is 21 per cent by
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volume of oxygen in all the air admitted to the fur-

nace, the volume of the carbon element being so small

as to be considered zero, but as a matter of fact the

sum of the oxygen components at the valve is only 17.1

per cent, and even out of the stack it is only 18.7 per

cent, which shows that there is some form of hydro-

carbon gas occupying the other 4 per cent which is

getting past the valve unburned and being wasted out

in the stack. This, I think, shows very conclusively the

necessity of having long chambers and flues in oil-

burning furnaces to insure complete combustion of the

gaseous fuel before reaching the reversing valve.

These figures are based on atomizing the fuel with

compressed air instead of with steam, as with steam

the hydrocarbons are slower in taking up oxygen, and a

gas analysis at the valve will show a higher percentage

of hydrocarbon gas unburned at the valve and a corre-

sponding increase in stack temperature. A sample of

gas at the base of the stack when steam was used for

atomizing purposes showed the following analysis

:

CO„. 7.5 per cent; CO, 0.4 per cent, and oxj'gen, 9.5

per cent, or a total of 17.4 per cent of oxygen com-

ponents out in the stack which is 5J4 per cent less than

shown at the base of the same stack with air, and

therefore, a less perfect combustion.

The third condition governing the short flame, "inti-

mate mixture of oxygen with the fuel or diffusion,"

bears directly on the size and arrangements of the air

ports and the furnace body. The size of the ports

depends upon the size of the reversing valve, or vice

versa, and the relation between the two is in a direct

ratio to tlie absolute temperature at the two points,

these temperatures being 1,490° F. at the valve and

2.800° F. at the ports, or in a ratio of i to 2. The
ports therefore, should have an area of twice the area

of the reversing valve. We will, therefore, have a to-

tal port area at one end of the furnace of about 7 ft.

These ports should be carried out the full width of the

furnace to prevent any short circuit of air through the

furnace body, as the travel of gas through the furnace

body should have the same velocity at all points to get

the proper diffusion. These air ports should come
well up above the hole in the monkey wall through

which the oil burner enters the furnace, so that the air

must come down on top of the flame rather than under-

neath it. This is a very important factor in designing

a hot-working furnace.

The space to be allowed for hearth in small furnaces

should not be under 10 sq. ft. per ton of charge and
then, too, the shape should approach more nearly a

square than the oblong shapes in general use, as this

tends to give a better effect of the radiation of the walls

and roof, and by widening the furnace we lessen the

cutting action of the flame on the side walls and keep

down the repair bills.

As to the length of the furnace body, this should be

governed by the length of the oil flame, for the hottest

part of the flame should be about the center of the fur-

nace. It has been my experience that I have not been

able to get a flame that was intense enough to melt

down a charge of metal any less than about 8 ft. from

the tip of the burner to the hottest part of the flame,

and as the tip of the burner should stick clear through

the monkey wall, which will extend 9 in. beyond the

ports of the furnace at least, we will get as a minimum
furnace length twice the length of the flame as men-

tioned above, plus twice the width of the ports, plus

twice the thickness of the end walls, plus twice the 9-

in extension of the monkey wall beyond the ports, or a

total of about 22 ft., as the minimum length of the out-

side of the furnace bod)'.

The fourth circumstance governing the short flame,

"large surface of fuel presented for impact of oxy-

gen," as a matter of oil burners and atomizing agents,

_
and has furnished inspiration to thousands of inven-

tors—all to very little purpose. The matter of atom-

izing this fuel oil is one of overcoming the surface

tension of the oil and breaking it up into very fine par-

ticles, so that it will present greater surface for contact

with the oxygen, and the two methods in use, super-

lieated steam and compressed air, give a mechanical

efficiency so small that you can barely find it at all.

There is a great deal of discussion at the present

time on the needless waste of using compressed air for

atomizing purposes when superheated steam will an-

swer, but in the small casting business one of the

main difficulties is getting the metal hot enough to run

the thin sections in the molds, and since, by its very

nature compressed air, while atomizing the oil, fur-

nishes at the same time ox3'gen for combustion, and
that, too, very intimately mixed with the oil, it is quite

evident that by using air we would get quicker com-
bustion, a shorter flame and a somewhat hotter fur-

nace.

In conclusion, I will say that in operating a furnace

designed along these lines it will not be a difficult mat-
ter to get out six 5-ton heats in 24 hrs., and still have
the metal hot enough to pour many castings weighing
a fraction of a pound each. With a 5-ton heat it is not

uncommon to pour as high as 175 molds, consuming
about 50 min. in pouring. The metal must, therefore,

be extremely hot at the time of tapping the heat.

The ^Manila Merchants' Association is seeking to

make more extensive use of coir, or cocoanut fiber,

many million pounds of which are now going to waste
in the Philippines. The exports of copra from the

islands indicate an annual production of 48,000,000
cocoanuts, or probably one-half of the real production.

It is estimated that these 48,000.000 husks contain

some 4,000 tons of yarn fiber and 1,000 tons of

bristles. Notwithstanding that fact almost all the

7,000,000 lbs. of coir yarn, worth $244,000, imported

into the United States in 1910 came from British East
Indies. Very little of the raw coir, or cocoanut fiber,

is imported, the amount last year being 90 tons, worth

$8,581. It is desired by the Manila Merchants' Asso-
ciation to make use of the enormous supply of this

material by spinning and weaving it into textile fabri-

cations, etc.
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THE STOCK PROCESS FOR STEEL
CASTINGS.

A new type of small Bessemer converter has been

used at the works of the Darlington Forge Co., Ltd.,

Darlington. England, with interesting results. Pat-

ents covering the construction and process have been

secured by Guy J. Stock, of Darlington. The follow-

ing description of the process is taken from The Iron

Age:

The practice at the Darlington plant has been de-

veloped in the past 21 months, the converter in use

there being of three tons' capacity. At seven other

steel foundries in Great Britain the Stock converter

is either in use or is being installed. Thos. Firth i
Sons, Ltd., Shefifield, England, have ordered a second

plant, which will give that firm a 3-ton and a J/i-ton

converter.

verter is pointed toward the air heater or economizer.

The hot gases from the burning oil are drawn through

the heater by means of the chimney stack, as shown in

Fig. I. Blast is supplied in the case of the 3-ton con-

verter by a Roots pressure blower with a capacity of

3.000 cu. ft. per minute, the blowing pressure varying

from % lb. per scj. in. for melting to 31X lbs. per sq. in.

as the maximum for converting.

Air from the blower is delivered into the heater

through the inlet pipe shown in the plan in Fig. i, and

after passing through the system of pipes goes to the

converter through the pipe a, Fig. 2, which terminates

in a two-way branch pipe «', leading into the blast

boxes cc and through the tuyeres d into the vessel.

The oil supply pipe is shown at b, and b'b' are small oil

jets extending from it into the tuj'eres. In melting,

the air which passes through the tuyere enters the ves-

sel at a temperature of aliout 800° F., and in the burn-

Air Pump aod Motol'

OuUi;t ripe

Fig. 1—Elevation and Plan of Stock Converter Installation.

One of the features of the Stock process is that the

cupola is dispensed with ; the melting of the metal

previous to blowing is accomplished in the converter

itself, crude oil being used as fuel. Another feature

is that there is an "economizer," as the inventor terms

it, consisting of a series of LT-shaped pipes and between

these the hot waste gases resulting from the melting-

operation are led, the blast in turn passing through

these heated pipes to the converter.

In Fig. I is shown an elevation and plan of a Stock

converter installation, and in Fig. 2 is a section show-

ing the arrangement of the tuyeres and of the oil and

blast pipes.

The vessel is made of oval section so as to expose

the largest possible surface of the metal to the action

of the oil burners, and the tuyere box was designed for

the most effective action of the blast and of the oil

jets. The converter is lined with silica brick running

up to a thickness of 13 ins. around the tuveres. For
convenience of working, in addition to the mounting
on trunnions working in roller bearings a turntable is

provided for the revolution of the vessel. After charg-

ing, the vessel is moved through an angle of 90° into

the position for melting. Here the nose of the con-

ing of the oil a very close approach to perfect com-

bustion has been secured. With a 3-ton converter the

metal is melted in about ij^ hours. The blow which

follows takes from 15 to 25 minutes. Thus a blow

every 2 hours can ordinarily be made. The vessel is

brought into position for pouring by turning it through

180° in a horizontal plane from the position occupied

during the blow.

Tlie oil used for melting is forced by the blower or

by an air compressor into a smaller tank which con-

tains a sufficient quantity for five to six meltings. This

service tank is fitted with a coil through which hot air

or steam can circulate so as to decrease the viscosity

of the oil. The tank is connected to a small independ-

ently driven compressor, maintaining a constant pres-

sure of 30 to 35 lbs. per sq. in., forcing the necessary

amount of oil through a flexible tube to the oil tubes in

the tuyere box. Tliese latter are steel tubes with an

internal diameter of about 1-16 in. and point through

the center of the tuyeres. When the melting opera-

tion is completed these oil pipes are withdrawn, the

tuyere box being so arranged that this can be done in

a few seconds.

In addition to dispensing with a cupola and provid-
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ing- the ocoiioniizer for preheating the air, the advan-
tages of the Stock converter are stated as follows:

With Hquid fuel for melting there is no taking up of

impurities in this process. The high temperature of

the melted charge permits of using pig iron low in sili-

con as well as high percentages of scrap. A very fluid

Fig. 2—Sectional View Showing Arrangement of Tuyeres.

steel is secured, making it possible to tise this process

for the manufacture of difilicult and intricate castings.

The products manufactured from Stock converter steel

include wheel centers, high carbon steel wire, low car-

bon seamless drawn tubes, chipping and calking chisels

and pnetmiatic tools ; also high-speed tools for steel

containing tungfsten, chromium and vanadium.

With an operation of 52 tons a week in a 3-ton

Stock converter, working single shift, the cost per ton

lias been w-orked out as shown in Table I. The cost

of the charge in this table is based on a price of 60

shillings or $14.58 per ton for Bessemer, or hematite,

iron, and an ascertained loss of 13 per cent in conver-

sion, with a further loss of 3^ per cent in ladle spill-

ings and floor scrap.

TABLE I.—COST OF STEEL PRODUCED IN A 3-TON STOCK CONVERTER.
Metal and mixings (23 cwt. 3 qr. 10 lb.) $17.02
Fuel oil (40% gal. at 5 cents per gal. ) 2.03

Electric power (42 units at 1 cent per unit) 42
Direct wages 73
General repairs and upkeep, includmi; linings 1.70

Cost of converted metal $21.00
Add allowance for ladle linings and repairs 50

Cost of metal in molds $22.40
Add allowance for depreciation and interest. . .$0.53
Add allowance to cover royalty charges 83 1.3(1

Total cost of steel $23.70

The accompanying tables give the analyses and re-

sults of physical tests of Stock converter steel. In

Table II tests are given of two pieces cut out of a

lo-in. stop valve which had been subjected to a hydrau-

lic test of 500 lbs. per sq. in. Table III gives the re-

sult of tensile and bending ti^sts of test pieces. The

seven numbers given in the taiile correspond with those

marked on the test pieces.

TABLE n.—TWO PIECES CUT OUT OK lU-INCH STOP VALVE.

T. S.

1,000 lb.

Per Contrac-
Orig. sq. in. tion. Elongation.

area, of orig. Per Per
In. area. cent. In. cent.

..0.496 27.8 — 3 31.3
i

2 37.0

)

2 10-in. stop valve 0.2-50 28.4 53.G 2 36
Analysis : Carbon, 0.22 per cent ; Manganese, 0.508 per

cent; Silicon,. 0.130 per cent; Sulphur, 0.014 per cent; Phos-
phorus, 0.041 per cent.

TABLE in.—^RESULT OF SEVEN TENSILE AND BENDING TESTS OF

STOCK CONVERTER STEEL.

V .
Elongation.

Test
No. Description.
1 10-in. stop valve

^ Description. ^

^ 2
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TITANIUM IN IRON AND STEEL.*

By CHARLES V. SLOCUM.

In electrometallurgy no development of late years

has been of greater importance than the manufacture

of ferro-titanium in the electric furnace. It was not

until 1903 that Auguste J. Rossi was able to produce

the remarkable material now widely known as "Titani-

um Alloy." Some thirty years or more of his life has

been devoted to developing the methods of manufac-

ture and the uses of this material, but it was not until

he used the electric furnace in 1903 that his life-long

efforts were crowned with success. Since that time

the manufacture and consumption has grown with

leaps and bounds, and now the plant occupies a large

tract of land, and railway facilities are necessary for

the prompt handling of the large output.

As the uses of this alloy are so many and so varied,

it has been suggested by a well-known member of this

society that the more important features be discussed

in a suitable paper. Metallurgists have practically all

agreed that the use of a small percentage of an alloy

of titanium is of benefit in both iron and steel, but

some question has arisen as to the form which this

alloy should take. In a recent publication^ the state-

ment has been made that carbon-free metals dissolve

more easil}' than metals containing carbon, since the

latter contain carbides. The experience of the writer

does not bear out this fact, he having found that a car-

bon-free alloy was not at all adaptea to use in the

iron and steel industry, and the manufacturers were

obliged to make a product containing from 5 to 8 per

cent carbon for such use. Our early experience with

an alloy of iron and titanium free from carbon, but

containing 5 to 10 per cent aluminum, resulted in

almost complete failure, as the aluminum when pres-

ent in any appreciable quantity made the steel brittle

and its oxide showed great tendency to remain in the

steel.

"Titanium Alloy," as stated above, contains 5 to 8

per cent of carbon, mostly in the form of graphite.

Analyses of this material made in the laboratory of

Dr. C. F. McKenna show the following proportions of

the two forms of carbon

:

Sample No. Graphitic Carlion. Combined Carbnn.
141 9.601 n 147
1(52 9.179 12

291 7.012 13

298 fi,2S4 0.118

From these analyses it appears that titanium acts

very much like silicon in that it causes a separation of

•Paoer p>-esenteci at the Twentieth General Meeting of the
American Electrochemical Society, in Toronto, Canada, Sent.
21-23, 1911.

'Golcl=chni)dt: The Meltinf Point Rnd Tto Tlelation to Alloving
Capacity Met. & Chem. Eng., 9, 348 (1911).

carbon as graphite. Dr. G. B. Waterhouse recently

cited an interesting experiment to bear out this fact

:

A ladle of iron for making malleable castings was

treated with lo per cent titanium alloy sufficient to

equal o.i per cent metallic titanium added to the iron.

The original iron gave castings showing a white frac-

ture with a little graphite in the center. The titanium-

treated metal showed a white border between }i and

^ in. (i to 1.25 cm.) deep and a gray center showing

the separation of graphite. Contrary, therefore, to the

viewpoint of Dr. Goldschmidt, there need be no fear

of the non-solution of the electric furnace titanium

alloy, as it does not contain more than the merest

fraction of the unreadily soluble carbide.

The density of a ferro-alloy to be used as ferro-

titanium is used has an important bearing on its in-

corporation in the molten bath. Careful determina-

tions made on the electric furnace product containing

both 10 and 15 per cent titanium show a density of

6.20 to 6.40. The metallothennically produced alloy

shows a density of between 6.20 and 6.30. The dif-

ference between the densities of the two alloys is there-

fore hardly noticeable.

The allov is best added to the ladle of steel after

tapping from the furnace and before the slag begins to

run. For open-hearth steel the supply should be placed

convenient to the ladle and shoveled in precisely as so

much coal. For soft steel an addition equivalent to

0.03 per cent titanium is sufficient to make the steel

more ductile. Larger quantities are of increased bene-

fit, but cannot always be added because of the carbon

content and also because of the density imparted to the

steel, which increases as the proportion of alloy is in-

creased, and therefore is not always desirable. In

high-carbon steels this increased density is desired

and more alloy is used. The addition of the alloy

permits the use of a considerably higher carbon con-

tent without increasing the brittleness, and several

railroads are now using as much as an equivalent of

o. 10 per cent titanium or more in securing tough,

durable rails.

In the crucible practice the best results have been ob-

tained by adding the titanium alloy to the pots before

they are removed from the furnace, giving more time

for washing and deoxidizing before teeming.

Leading authorities seem to agree that titanium

achieves its remarkable results through its strong

deoxidizing powers together with its effect of giving

the slag formed sufficient fluiditv to completelv sep-

arate it from the metal.

"The presence of titanium oxide lowers the melting

point of slags occluded in iron and steel and imparts

thereto sufficient fluidity to account for their elim-

ination."'-'
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'ritaiiiimi . . . lias a stronsjLM- affinit\- for oxy-

gen than have the well-known dooxidizers ; . . .

it probably gives the slag such a consistency tliat it

separates more completely from the molten iron."-'

"The treatment of all steels with ferro-titanium for

the purpose of purifying the metal is "strongly recom-

mended, the presence of nitrogen to the extent of .02

to .035 or .045 in certain steels being enough to cause

the metal to break asunder, destroying all elongation

and reduction of area.''*

"The great affinity of oxygen and titanium is an

absolutely sure means of completely deoxidizing the

steel, the advantages of which need no further elabora-

tion. It has been proved that an ingot of steel con-

taining a very small quantity of titanium will show

practically no segregation.""'

The cost of treatment with titanium varies from a

minimum of 25 cts. to a maximum of $2.00 per ton of

metal treated. It is the cheapest deoxidizer above the

grade of manganese or silicon, and a far greater puri-

fier than any other alloy. The amount to lie used i,";

ver_\- small, and should be proportioned according to

the carbon content of the steel and to the amount of

impurities present. To the elcctrometallurgist it is a

triumph worthy of record that Rossi should take an

element like titanium, so long considered useless, and

make out of it so wonderful a servant in the iron and

steel industrv.

THE ANALYSIS OF MANGANESE BRONZE.*

By JAMES R. HUBER.f

The mine output of gold, silver, copper and lead in

California in iqiq had a value of $27,020,405, accord-

ing to figures compiled by Charles G. Yale and just

made public by the United States Geological Survey.

The production of gold was $19,715,440; that of sil-

ver 1,840,085 fine ounces, valued at $993,646; that of

copper 48,700,756 pounds, valued at $6,184,996; and

that of lead 2,870,977 pounds, valued at $126,323.

These figures show a decrease in the output of gold,

silver and copper as compared with the figures for

1909, but a large increase in lead. The 1909 figures

are as follows : Gold, $2o,2^7.Sjo ; silver, 2,098,253

ounces, valued at $1,091,092; copper, 57,288,281

pounds, valued at $7,447,476; lead, 1,502,597 pounds,

valued at $64,612. There were 1,079 m'"es producing

geld, silver, copper or lead in California in 1910, of

which 564 were gold placer mines. Of the deep mines

485 were gold mines, 9 were silver mines, 10 were sil-

ver-lead mines, and 11 were copper mines. Of the

placer producers, 168 were hydraulic mines, y2 were

dredges operated by 41 companies, 139 were drift

mines in ancient river gravels, and 185' were sluicing

mines. _ Measured by the number of producers as well

?s by tonnage and metal output, rleep mining de-

cre-sed somewhat in California in 1910. Among the

placers sluicing decreased also, but dredge and drift

mining increased.

=R-!iclley Stoughton, U. S. Fatcnt Office Proceedings, Ser. No.
4rSflO.
"M'-nry M. Howe. Ibid.
'H. le Chatellier. Paper, Congress of Metallurgists, Belgium,

=E. vcn Maltitz. Staiil und Eifen. No. 41. 190D.

In nearly all of the specifications for manganese
bronze castings, it is quite noticeable that attention is

called to the physical requirements and very little is

said regarding the chemical analysis. This is no doubt

partly due to a lack of knowledge on the part of the

engineers who draw up the specifications of the exact

composition of this rather complex alloy. The proper

knowledge of the manufacture of this alloy is essential

when one wishes to meet physical specifications, and is

only obtained after long practical experience. One of

the factors that go to make up this knowledge, is, un-

doubtedly, the proper control of the chemical compo-
sition, especially since small variations in the composi
tion have a marked efifect on the physical properties.

It is with this idea in view that a paper on the Analy-

sis of Manganese Bronze has been prepared, and it is

hoped that it will help both the manufacturer and the

user to check in one detail at least, this very valuable

alloy.

A method for the analysis of this alloy was worked
out in our laboratory last year arid published in the

Metallurgical and Chemical Engineering Journal for

.\ugust, 1910. This analysis presents several diffi-

culties, especially the determination of zinc and
aluminum. By the original method the precipitate of

zinc was contaminated with iron, and the precipitate

of aluminum was contaminated with zinc. As
we have gained knowledge by experience, we have
been able to make some improvements on the original

method. I will include a brief outline of the complete
method for the benefit of those who may not have read
the first paper.

A 5-gram sample is dissolved in 40 cc. of 50 per cent

nitric acid (HXO.,). The small precipitate of

metastannic acid obtained, is invariably in such a

finely divided state, that much time is consumed in

endeavoring to obtain a clear filtrate. A slight cloudi-

ness in the filtrate will mean a result from .05 per cent

to .15 per cent too low on the tin. We find it advisable

to cool the solution after boiling oft' the brown fumes,
stir, and pour on a double S. & S. No. 589 Blue Rib-

bon filter paper. Fill the funnel once or twice and
then apply suction, gradually at first, until the paper
is well clogged with the precipitate. If the first of the

filtrate is not clear, return it to the beaker and pour
it on the paper again. With these precautions it is

seldom necessary to repeat this operation and a prac-

tically clear filtrate is obtained. It is better to wash the

precipitate with hot 10 per cent nitric acid (HNO^) in-

stead of 2 per cent as the more dilute wash water has
a tendency to start the precipitate running through the

filter paper.

The filtrate is then evaporated to white fumes with

concenti-ated sulpluu-ic acid (H.SOJ. 5 cc. is not

•Paper read liefore the Ameriran Brass Foundere' Association
Pittsbuig meetinK. May 2.'), 1911.
tMetallurgist. Lumen'Bearing Company, Bultalo, N. T.
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enough, as the mass forms a hard cake and has a

tendency to spatter when nearly dry. We now use 15

cc. to 20 cc. With this amount it will not be neces-

sary to make a further addition when removing cop-

per by electrolysis. The bronze will not contain any

lead if made with high grade spelter, but should a

trace be present, it is filtered off and weighed as lead

suphate (PbS04) on a platinum Gooch crucible. The

filtrate is diluted to 500 cc. in a 500 cc. graduated

flask.

Four 100 cc. portions are measured out with a pip-

ette or graduated flask into tall non-lipped 200 cc.

beakers. Two of them are neutralized with ammonium

hydrate (NH^OH). 7 cc. of a mixture of 2 parts

50 per cent nitric acid (HNO3) and i part 50 per cent

sulphuric acid are then added and the solution diluted

to about 150 cc. The copper is plated out using either

a rotating anode or a solenoid. With the latter a

brighter and more adherent deposit is obtained in less

time than with the former. The shape of the spiral

anode causes the deposit to be more evenly distributed

over the surface of the cathode and a much stronger

current can be used. With a gauze cylinder cathode

having 150 to 200 sq. cm. of surface, 10 amperes will

deposit about i^ grams of copper in 15 minutes.

Three amperes was the highest current we were able

to use with the rotating anode and obtain a satisfac-

tory deposit. We find it better to dry the cathodes in

an air bath at about 100° C.

From these two portions we have duplicate deter-

minations on the copper. In the filtrate .from one

the iron is precipitated with ammonium hydrate

(NH4OH), dissolved in dilute hydrochloric acid

(HCl), reduced with stannous chloride (SnCL) and

titrated with potassium permanganate (KMnOj), ac-

cording to Blair. In the other portion the manganese

is determined bv the well known bismuthate method.

Rinse off the anode with a little sulphurous acid

(HjSO:, ) to remove the slight deposit of manganese

dioxide which forms upon it and add these washings to

the solution in the beaker. Bromine water and am-

monium hydrate (NH^OH) are then added, the solu-

tion boiled and the precipitate of manganese dioxide

(MnO,) filtered out and re-dissolved in sulphurous

acid (HjSOa). 10 cc. nitric acid (HNO,) and 30 cc.

water (HjO) are added, the solution boiled a minute

and }<i gram of sodium bisnuithate added. Heat till

the pink color entirely disappears. Add a few drops

of sulphurous acid (HjSO^) to clear the solution and

boil again to expel all nitrous fumes. Cool the solu-

tion until quite cold and again add a slight excess of

sodium bismuthate. Stir a minute or two and then

add 50 cc. of 3 per cent nitric acid (HXO.) and filter

through asbestos on a platinum cone, using suction.

Wash with 50 cc. more of 3 per cent nitric acid

(HNO3), reduce with standard ferrous ammonium
sulphate solution and titrate the excess with potassium

permanganate (KMnOi), which has been standardized

against the ferrous ammonium sulphate.

The copper is removed from the other two 100 cc.

portions by electrolysis without the addition of nitric

acid (HNO3). The zinc is separated from the alumin-

um, manganese and iron by precipitation with hydro-

gen sulphide (HjS). Instead of reducing the iron by

boiling with metallic iron or aluminum, or sodium

thiosulphate, as suggested in Waring's modified meth-

od, we find it saves time to reduce with sulphurous

acid (HoSOg). The use of aluminum is prohibited as

we determine aluminum in the filtrate from the zinc.

Methyl orange is used as an indicator when neutral-

izing the solution and as it is not sensitive in a hot

solution, it would be necessary to cool after boiling

with any of the above reducing agents. In using

sulphurous acid (HoSOj) it is only necessary to add

about 10 cc. to the cool solution, stir and neutralize

with sodium hydrate (NaOH) and sodium bicarbonate

(NaHC03) using methyl orange as an indicator.

We obtain the zinc sulphide in a granular condition

and entirely free from iron by precipitating in the

presence of hydrochloric acid (HCl) and ammonium
sulphocyanide, as suggested by Kemmerer in an article

in the Journal of Ind. & Eng. Chcni. for September,

1910.

After neutralizing, dilute the solution to 400 cc, add

4-5 drops of hydrochloric acid (HCl) and about two

grams of ammonium sulphocyanide (NH4SCN).
Heat to boiling and pass a rapid stream of H.S for

about a half hour, keeping the beaker on a hot plate.

Under these conditions the precipitate is rarely, if

ever slimy, but should it form in that condition, it

might as well be thrown away as it is impossible to

filter it clear. After the gas has been passing about

fifteen minutes, and the zinc is nearly all precipitated,

add a drop of a dilute solution of sodium bicarbonate

(NaHCOj). If the black precipitate of ferrous sul-

phide (FeS) formed, dissolves instantly, add another

drop. But do not add any more if the black precipi-

tate dissolves slowly. This precaution is taken to

insure complete precipitation of the zinc. There is a

possibility that enough acid will be liberated in addi-

tion to the 4 or 5 drops added to prevent the last traces

of zinc sulphide (ZnS) being precipitated. As this

addition is not made until after most of the zinc sul-

phide (ZnS) is formed there is no danger of iron

being carried down. Continue passing the gas about

15 minutes longer. Allow the zinc sulphide (ZnS) to

settle, filter and wash with hot water. Dissolve in

dilute hydrochloric acid (HCl) and precipitate as

phosphate with sodium ammonium hydrogen phos-

phate (NaNH.HPO,).
The aluminum is determined in the filtrate after

boiling off the hydrogen sulphide (H^S) and concen-

trating to about 200 cc. Add a little nitric acid

(HXO, ) to decompose the ammonium sulphocyanide

(XHjCXS). Boil off the cyanogen fumes, add five

grams of ammonium chloride (X^H^Cl) and precipi-

tate the iron and aluminum as hydroxides by making

the solution exactly neutral with ammonium h\drate



OctolKT. 1' THE CHEMICAL ENGINEER 423

(.XHjOH). Boil, filter and dissolve in dilute hydro-

chloric acid (HCl). Dilute to 400 cc. Add 10 cc. of

a 10 per cent solution of sodium ammonium hydrogen

phosphate (NaXH^HPO^) and then ammonium
hydrate (NHjOH) until a slight hut permanent pre-

ci])itate forms. Then add I J/ cc. of con. hydro-

chloric acid and 50 cc. of a 20 per cent solution of

sodium thiosulphate (NaoSoO^). Heat to boiling and

add a mixture of 15 cc. of a 20 per cent solution of

ammonium acetate and 8 cc. of strong acetic acid. Boil

ten minutes, allow to settle, filter and wash with hot

water. The precipitate is ignited and weighed as

aluminum phosphate (AIPO4).

In conclusion I desire to express my thanks to my
assistant, Mr. \\'oiciechowski, who has done most of

the experimental work on the details of this method.

THE ELECTRICAL PRECIPITATION OF
SUSPENDED PARTICLES.

By F. G. COTTRELL.

The following abstract of this paper which appeared

in the Journal of Industrial and Engineering Chem-

istry for August, 191 1, while of peculiar interest to all

metallurgists, will also be found interesting by all

chemical engineers.

Prof. Cottrell begins with a lirief account of the de-

velopment of the idea. In 1824 Hohlfeld suggested it

might be used to suppress ordinary smoke, and later

Guitard repeated the suggestion. Sir Oliver Lodge

rediscovered the phenomena independently, lectured

on the subject, and aided in installing devices, which

had been patented by A. O. Walker, at the Dee Bank

Lead Works. Wimhurst 5-ft. machines were driven

by small steam engines ; no further developments came

at this time, the experiment probably being disap-

pointing.

As none of the ideas or patents had come to com-

mercial realization the work of Lodge was repeated,

the industrial application of which is now greatly facili-

tated by the development of electrical devices.

It is found that an alternating electromotive force

agglomerates particles suspended in a fairly quiet me-

dium, this principle is used to separate water from

crude oil when it is found emulsified in the California

oil fields.

With large volumes of moving gases agglomeration

and settling works too slowly and direct currents,

which impell the particles against a flat electrode, are

used. Apparatus for producing alternating currents

up to 100,000 volts potential have been perfected and

with the aid of the mercury rectifier promises consid-

erable toward use for dispelling fog and smoke in the

open.

For the installations which are to be mentioned the

direct, pulsating current as supplied to the electrodes

is made by transforming an ordinary alternating cur-

rent to 20,000 or 30,000 volts and then rectifying this

*Al)stractO(.l by H. B. Pulsifer,

to direct current with a comnuitator driven by a

synchronous motor.

The electrode which is to receive the particles is a

plane surface and easily provided. The discharge

electrode presents obstacles to the both powerful and

uniform distribution of the current. The accidental

solution of the difficulty came by discovering that the

fine points of non-conductors discharge sufficiently by

virtue of dust and moisture ordinarily found upon

them. A cotton''covered wire served admirably in air

while wire coated with asbestos or mica scales serves

well in hot and acid vapors.

In the spring of 1906 it was demonstrated that sul-

phuric acid mist generated by a small contact plant

could easily be precipitated upon the inside of a bell

jar with 3.700 volts discharged from a metal screen

cylinder wrapped with asbestos twine. From the orig-

inal iio-volt alternating line, which supplies the pri-

mary of an induction coil, is driven an induction motor

to operate the synchronous motor which establishes the

contact in the secondary of the coil exactly at the volt-

age peak, thus furnishing the interrupted high poten-

tial current. The collecting electrode being grounded

left only one conductor which supplied the discharge

electrode. This small apparatus precipitated the acid

fume from about 20 liters volume per minute.

A larger precipitating unit was then built which

would handle from 100 to 200 cu. ft. of gas per min-

ute. This apparatus worked on some of the fume
from a Mannheim contact sulphuric acid unit at the

Hercules Powder Works of San Francisco Bay. The
dry sulphur trioxide will not mix with water, but

after water vapor has evaporated into the gas the dense

white cloud of sulphuric acid would readily condense

on the electrodes of the apparatus. As before, asbes-

tos-wound screens served for discharge electrodes but

the gas was made to thrice pass under the influence of

the discharge. Reproductions from photographs show
the complete success of the treatment.

A larger unit to handle all the gas from a Mannheim
unit became a commercial success.

The next development of the process came at the

plant of the Selby Smelting and Lead Company, also

on San Francisco Bay. At this plant the gases from
the lead furnaces were successfully treated in a bag
house but the roaster gases and the vapors from the re-

fining plant contained so much sulphuric acid that bags

would be quickly destroyed if an attemjjt were made
to use them.

The smaller volume of gas. that from the refining

pots, H'as first experimented upon. Lead plates, each

4 ins. wide and 4 ft. long, were hung in rows in a

lead-lined flue. These ])lates were 4 ins. apart and

between each two were hung the asbestos and lead-

covered iron rods of the discharge electrodes. Here
the current is taken from the 460-volt system of the

plant and transferred and rectified to the 17,000-volt

line for the electrodes. About 2 kw. is all the power
required while labor attendance and repairs have cost

less than $20 a month during three years' operation.
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It was thought that the fume from the roasters could

be treated as to form a powdery precipitate on 'he elec-

trodes, and, with this in mind quite an equipment was

made with brick and iron construction. However, so

much water vapor and acid was found in the gases

that this construction had to be abandoned and lead

substituted. The flue was finally constructed to be

6 ft. square and 32 ft. long, in which were hung 38

rows each of 16 lead plates 6 ft. long and 4 ins. wide

with the discharge rods between. Between 10 and 15

kw. was all the power required, this precipitating out

a grayish mud on the lead plates which could be quickly

washed clean at intervals.

To protect the construction and to have all the ma-

terial to be separated present as suspended particles in-

stead of as true gases it was necessary to cool the

gases below 150° C. This equipment not yet having

been provided the operation was not continued.

Prof. Cottrell devotes the remainder of the paper

to the case of the Balaklala Smelter at Coram, Cal.

This plant is the most recent of the Shasta County

smelters, being erected after the region had been

devastated by the other smelters and especially by the

heap roasting practiced by the Mountain Copper Co.,

Ltd. Although the country is widely deforested, and

the soil badlv washed, and, as a whole, not susceptible

to agriculture, the farmers in the Sacramento valley,

13 and more miles below, have brought court proceed-

ings to such a point that the smelters can operate only

by removing all the suspended matter from their gases,

dilute the gases to not to exceed three quarters of i

per cent by volume of sulphur dioxide, and do no

damage.

The Keswick plant of the Mountain Copper Co.,

Ltd., was erected in 1896 and closed down in 1905

through proceedings of the \J. S. Forestry Service.

The company has since built a small plant on San

Francisco Bay.

The Bully Hill Smelter at Delamar has also been

closed bv the Forestry Service.

The mammoth plant of the V. S. Smelting, Refining

and Mining Co. at Kennet started in 1905. This is a

large copper smelter, but the company attempted to

treat their gases with a hag house, as is done at lead

plants. In July of last year the company put their

bag house in successful operation ; as discharged, the

gases are practically free from solid matter. To ac-

complish this it was necessary to both neutralize and

cool the gases before sending them to the bag house.

The neutralization is accom])lished by patented proc-

ess, involving the use of zinc and other metallic oxides.

To cool the gases 39 4-ft. cooling pipes, each about

200 ft. long, were built. Besides this heavy expense

the woolen bags, alone, in the bag house, cost about

$30,000. As a whole, this plant is a notable success.

At the Balaklala Smelter preliminary experiments

were made with bags, also a centrifugal apparatus,

and the electrical precipitation The electrical process

was adopted for the full-sized installation. The smelt-

er treats up to 1,000 tons of low-grade copper ore a

day, most of this is handled in blast furnaces, the rest

in an oil-fired reverbetratory. The volume of gases to

be treated amounts from 250,000 to 500,000 cu. ft.

per minute ; in the great flue, 18 x 20 ft., their velocity

is from 10 to 20 ft. a second.

After a unit to treat i per cent of the gases had been

operated the complete amount was put through 9 large

units. Each of these flues contains 24 rows of 24

sheet iron electrodes, each 6 ins. wide and 20 ft. long.

The discharge electrodes, of asbestos or mica-covered

iron wire, come between the plates. In the rectifier

building the 2,3CX3-volt line for general use is trans-

formed up to from 25,000 to 30,000 volts and recti-

fied to the intermittent direct current. The dust and

fume which falls is shaken from the electrodes

and removed with a convenor. About 120 kw. repre-

sents the power required ; the cost amounted to some-

what less than $1 10,000.

It was found that at this plant the large amounts of

zinc oxide in the fume at times robbed it of all con-

ductive property. This made trouble with the dis-

charge electrodes seriously impairing their efficiency.

Prof. Cottrell promises to consider this and the elec-

trotechnical details in another paper.

The whole paper is profusely illustrated with repro-

ductions from photographs. Some show the various

stacks with and without the precepitating devices in

operation ; others show the flues with the electrodes

suspended within, the stream of fume coming from the

electrodes, etc. Views of the Mammoth and Balaklala

smelters, plans of the flues and electrodes and a group

picture of the stafif add much to the article. It is

painted out how fruitful for practical metallurgy has

been the expenditure for experiment and construction

at these two plants. Often litigation has been ex-

pensive enough with no practical result ; here, the re-

sult has been a distinct step in advance, for both

methods of treatment will now find place and use in

engineering.

Another field of usefulness for the process is men-

tioned as at the cement works where so much fine dust

is given oft' with the kiln gases. This dust is impalp-

ably fine and given off at a high temperature. In

southern California court proceedings have already

taken place between the orange growers and one plant

which threatens to close the latter. To meet the new
conditions precipitation experiments are under way
and developing with promise.

The cleaning of iron blast furnace gas is also men-

tioned. The difficulties here do not appear insur-

mountable and the matter is being thoroughly tested

out.

In the case of the ordinary smoke nuisance it has

been found that electrical precipitation acts upon smoke
as it does upon the dust and fume ; however, it would

seem more logical to avoid making the smoke at all.

A note added at the end states that farmers' affi-
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davits in tlio case of the Balaklala Smelter showed

danuii^e still being- done and only 72.8 per cent of the

total solids bcin<;- removed by the apparatus during

March and Ajjril. A few times during the month of

observation the percentage of sulphur dioxide also

slightly exceeded the required limits. The result is

that the judgment by agreement :uul stipulation allows

the smelter 35 days to run through the ore on hand

before closing down until the exact provisions can

be met.

The abstractor may add that this was carried out

and that the smelter is now idle and the town deserted.

METALLURGY OF PLATINUM.*

By W. GEIBEL.

The Russian ore does not contain pure platinum, but

an alloy of six metals of the platinum group. In ad-

dition, the crude ore contains some gold, that can be

separated by amalgamation, then, iron, and the other

heavy accompanying minerals, chromite and magnetic

iron.

The separation is done chemically. In Russia two

factories in St. Petersburg do this work. The quantity

of ore worked upon by them is small, amounting to

about 200 kilograms a year, a very small per cent of

the total production. By far the largest part is sent

abroad. The working up of the ore is almost exclu-

sively in the hands of a few firms in Germany, Eng-

land and France. America covers most of her large

platinum demand by purchase of the pure metal from

Europe although some crude American platinum is also

worked up.

The separation of the platinum metals from the ac-

companying minerals is quite simple ; on the contrary,

the exact separation from one another of the individ-

ual metals (of the platinum group), which are so

similar in their characteristics, forms one of the hard-

est tasks of chemistry. And yet it is frequently im-

portant that exact separations should be made, for

even small admixtures of others may strongly affect

the technically important qualities of the entirely pure

platinum metal desired : thus a small content of iridium

makes platinum considerably harder.

The first task is to separate the most important

metal, platinum, from the ore. Then, in addition to

this, is the further task of separating from each other

the other five metals ; for in the course of time im-

portant uses have been found for them all. As they are

present in the ore only in small quantities, their value

is even greater than that of platinum.

The separation can be made by the dry tnethod by a

smelting process and by the wet method by dissolving

the ore. The dry method was used in the '6o's by

Deville and Debray, who did great service for the

chemistry of platinum metals and the technics of work-

•FroMi The Pacific Miner; abstract nt an article from the
Australian Mining Standard for the Transactions of the Ameri-
can MetflTIurgical Society.

ing them up. .As this method does not give a perfect

separation, the wet method is now in general favor.

The processes eniployed in this operation generally

follow the methods which are used in making an analy-

sis in the laboratory. The details, in which many vari-

ations are possible, of course, are the secret of the fac-

tories. On the whole they are as follows : By a treat-

ment with aqua regia th' largest part of the precious

metals is dissolved; the residue contains, besides sand,

the alloy osmium-iridium. Strictly speaking, the ore

thus consists not of one alloy but of two, crude plat-

inum and osmium-iridium. Both contain ;:11 six plat-

inum metals, but in different quantities. The crude

platinum contains, besides platinum, principally palla-

dium, rhodium, and iridium, together with small quan-

tities of osmium and ruthenium. The osmium-iridium

contains, as the name implies, for the most part os-

mium and iridium, but it contains the other metals

also.

It is comparatively easy to separate osmium and

ruthenium. They are distinguished by the fact that

they are converted by oxidation into volatile oxygen

compounds, which can be removed by distillation. With

ammonium chloride, platinum and iridium give com-

with good results, having been applied to most varie-

pounds difficult of solution, from which the metals are

obtained by ignition.

If the solution of crude ])latinum in aqua regia with

ammonium chloride is omitted, then the precipitate

contains, besides platinum and iridium, also consider-

able quantities of rhodium and pallaclium, and compli-

cated methods have to be used to obtain the pure metal.

On the other hand, the platinum and iridium cannot be

fully removed in this way, and the mother liquor of the

ammonium chloride precipitation contains in conse-

quence considerable palladium and rhodium, and also

small quantities of iridium and platinum, and requires

complicated working over.

Whatever progress has been made in the attainment

of exact methods of separation in recent years is due

to the work which Mylius and Foerster have done in

the Physikalisch-technische Reichsanstalt. They found

by means of the most exact analytical methods that

the purest marketable platinum may contain a mo=t

o.oi per cent of impurities.

By igniting ammonio-platium chloride we get the

platinum as a loose, gray mass, the so-called platinum

sponge. From this the compact metal must be pro-

duced. The difficulty lies in the fact that platinum

melts only at a very high temperature between 1700°

and 1800° C. When at the beginning of the nineteenth

century the value of platinum for technical uses was

discovered, the means of getting such a high tempera-

ture were not available. This obstacle was first con

quered by melting the platinum with arsenic into an

easily fusible alloy, after which the arsenic was roasted

out. Later the capacity of the metal for easy welding

was utilized. By means of high pressure the sponge

was compressed ; the cake formed was then ignited and
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hammered, and in this way the individual particles

were welded together.

The temperature necessary for melting platinum is

obtained with an oxy-hydrogen blow pipe, or in an

electric oven. With the apparatus available to-day we

can melt not only platinum, but also the other platinum

metals, which, with the exception of palladium, have

still higher melting points.

ASSAY METHOD FOR TUNGSTEN.*

By B. M. DIVANI.

When tungsten is in solution in the condition of

tungstate, it is possible to precipitate and estimate the

tungsten in the form of the trioxide WO,,. To effect

this, all that is needed is to render the solution acidic

by means of hydrochloric or nitric or even sulphuric

acid.

Tungstic acid is soluble to some slight extent in min-

eral acids. On that account it is advised in the usual

works on analytic chemistry to render the tungstic acid

insoluble by repeated evaporation on a hot water bath

the solution to which an excess of acid has been added,

after which the dry residue is warmed for some length

of time at a temperature of 120° C.

To avoid these operations, which are rather tedious

and time-consuming, the writer recommends for study

a method of determining timgsten based on the precipi-

tation of tungstic acid by an excess of a solution of

freshly prepared stannous chloride. The stannous

chloride precipitates the tungsten from solution in the

form of the tungsten oxide W0O5. It is well known

that this reaction is quite sensitive.

In order to assure himself to what extent precipita-

tion is complete, and also that the oxide be not reduced

during washing, the following experiments were tried

by the writer

:

Two grams of absolutely pure tungstic acid was dis-

solved in just enough concentrated ammonia to dis-

solve that amount of acid, and the volume of this so-

lution was brought up to one liter. Caustic soda or

potash might have been chosen just as well, the choice

of alkali having no effect on the precision of the op-

erations.

For each test determination, 50 ccms. of this solu-

tion were taken, containing therefor o.i gm. of tung-

.stic acid. To precipitate the tungsten oxide from this

solution, the author added 20 ccms. of a solution of

stannous chloride. The latter was so concentrated as

to contain 50 gms. of crystal salts per 200 ccms. of con-

centrated hydrochloric acid. After boiling the mixture

for one or two minutes, the precipitate was permitted

to settle.

The precipitate was then washed in warm water.

•From The Pacific Miner; Abstract of an article from the
Bulletin Society Chemique de Belgique, for the Transactions of
the American Metalhirgical Society.

Since the oxide of tungsten is deposited very readily,

it is possible to wash the precipitate several times

within a few minutes without having the water cool

sufficiently to float the precipitate. Under these condi-

tions, the precipitate remains flocculent, and no cloudi-

ness is produced in the water bath. The oxide thus

precipitated was calcined and weighed as the trioxide.

The results indicated that this method was susceptible

of an unusually high degree of accuracy.

In order to be sure that in the calcined residues

measured in the above tests no tin was carried along,

the following analyses were made : Several of the resi-

dues were collected and heated in a current of hydro-

gen. The production was subjected to hydrochloric

acid and filtered. A current of sulphuretted-hydrogen

gas was passed through the filtrate. This reaction gave

no precipitate. Hence no tin was carried along in the

precipitation of tungsten trioxide.

The author also tried some experiments, the aim of

which was to ascertain whether the presence of iron

affects" the accuracy of the method. With this end in

view, there were added to a couple of tested samples

ID to 20 ccms. of a solution of ferric chloride, half

normal. The results showed that iron produces no ef-

fect on the accuracy of the method.

QUICKSILVER PRODUCTION IN THE
UNITED STATES IN 1910.

The production of quicksilver in the United States

in 1910, as obtained from confidential returns to the

U. S. Geological Survey by every producer in the

country, was 20,601 flasks of 75 lbs. each. At the

average domestic price at San Francisco, $46.61 a

flask, the value was $958,153. As compared with the

production of 1909, which was 21,075 flasks, valued at

$957,859, this shows a decrease in quantity of 474
flasks but an increase in value of $294. Although the

production of California increased in i()io the output

from Oregon decreased to nothing, as that of Arizona

did in 1909, the small Nevada production fell off con-

siderably and the output from Texas decreased. In

no state, except possibly in Nevada, can an increased

output be expected for 191 1, the present outlook being

for a total production for the United States not ex-

ceeding 20,000 flasks. A good domestic demand for

quicksilver was noted throughout 1910. The princi-

pal uses are for gold mining and placer mining, for

the manufacture of vermilion, fulminates, physical

instruments and drugs, and for lighting. The use of

quicksilver in making the fulminate of percussion caps

for igniting powder is increasing in importance prob-

ably more than any other use. The consumption for

all purposes in 191D was somewhat greater than the

domestic production. Of the 19 mines producing quick-

silver in the United States in 1910, 15 are located in

California, two in Nevada, and two in Texas.
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TWO METHODS OF TESTING ASPHALT.

By PROFESSOR S. F. PECKHAM.

At the last meeting of the Institute of Chemical En-
gineers, at the Hotel Astor in New York, last Decem-
ber, John I'uroy Mitchell, wIki welcomed the mem-
bers of the Institute to the city, announced, according

to the Times, that the city had decided to establish

and maintain a fully equipped chemical laboratory for

the examination of all chemicals purchased by the city.

He said that this laboratory would be governed by a

Board of Directors, who would be men of high stand-

in their profession. Manufacturing chemists have

been urging the city for some time to establish such

a laboratory. They say the present laboratories of

the city are not equipped to do the work satisfactorily,

and that as a result the city often pays dearly for poor

material. With such a laboratory as has been sug-

gested, manufacturers and chemical engineers say that

such as a thing as graft or favoritism in the granting

of contracts will be impossible.

Of course, I need not say to the members of this

Institute that this wished for result will depend en-

tirely upon the Board of Directors and the men se-

lected by them to conduct said laboratory. As an il-

lustration in point, I will relate the following facts

:

A short time prior to the meeting of the Institute

in December, one of the engineers attached to the De-

partment of Finance of the city brought to nie four

samples of asphaltic material, two of which he said he

wished to compare with the other two. Accompanying

these samples was the manuscript of an unsigned re-

port, which had been made upon them, which is as

follows

:

Analysis of the sample of rock asphalt mined at Asphalt, Ed-
monson County, Ky., shows that it is asphaltic sand stone, and
has the following composition

:

Laboratory Test No. /v-CfiST.

Pet.

Bitumen 8.2

Passing 200 mesh sieve 5..5

Passing 100 mesh sieve 2..3

Passing 80 mesh sieve 1.0

Passing 50 mesh sieve 24.0

Sand, Passing 40 mesh sieve 22.0
Passing 3o mesh sieve 29.-")

Passing 20 mesh sieve •").5

Passing 10 mesh sieve 2.0

Analysis of the sample of Asphalt Mastic manufactured
from the above, and known as "Standard Kentucky," resulted

as follows

:

I.ahoralorv Test No. /\-li(!88.

Pet.
Bitumen 12.3

Passing 2ii0 mesh sieve 28.0
Passing 100 mesh sieve 8.2

Passing 80 mesh sieve 2.1

^lincral, Passing 50 mesh sieve 22.5
Aggregate, Passing 40 mesh sieve 7.5

Passing 30 mesh sieve 9.8

Passing 20 mesh sieve 3.

1

Passing 10 mesh sieve .3.0

Retained on 10 mcsli 2.6

A 10-11). weight resting on an area of four square inches

of this mastic at a temperature of 90° p., for one hour, caused

no appreciable indentation.

Analysis of the sample of Ragusa Rock .Asphalt showed that

it is an asph.iltic limestone of the following composition :

Laboratory Test No. /v-0689.

Pet.
Bitumen 8.2

Limestone 90.()

Sand 1.2

Analysis of the sample of .^^sphalt Mastic manufactured
from the above rock asphalt has the following composition

:

Laboratory Test Xo. /\'-(i(i90.

Pet.
Bitumen 16.8

Passing 200 mesh sieve .30.2

Passing 100 mesh sieve 12.0

Passing 80 mesh sieve 2.6

Mineral, Passing 50 mesh sieve 12.0

Aggregate, Passing 40 mesh sieve 2.5

Passing 30 mesh sieve 2.5

Passing 20 mesh sieve 4.0

Passing 10 mesh sieve 7.4

A ten-lb. weight resting on an area of four square inches of

this mastic at a temperature of 90° F. showed no appreciable

indentation.

Respectfully,

Chemist.

The engineers, as usual, were in a great hurry, ap-

parently thinking that such examinations could be

made in a few hours.

The four samples were labeled as follows

:

713A was a sample of Kentucky Rock which I have

had in my possession for several years, and was one

of a number of samples of such rock that I have ex-

amined at intervals.

713B was a sample of Mastic reputed to have been

made from Kentucky Rock.

714A was a sample of Ragusa Sicilian Rock Asphalt.

714B was a sample of Mastic reputed to have been

made from the Sicilian Rock of which 714A was a

sample.

I have examined at different times a number of

samples of Kentucky rock reputed to have been taken

from this locality, in the area, that is, in which such

rock is found. These analyses all showed that the

Kentucky rock consists of a very sharp-grained hard

sandstone, that was a soli<l mck before it was satu-

rated with bituminous material. The percentage of

bitumen in the different samples varied, as might be

expected to result from the varying de,gree of porosity

of the rock. The sandstone, in all cases, however, was

a very compact rock after the bitumen was removed.

The problem sulimitted was to determine the identity
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or resemblance between 713B and 714B. It was not These results indicate two very different varieties of

expected that, inasmuch as the natural Kentucky rock bitumen. The bitumen of the limestone asphalts of

is a sharp-gritted sandstone and the Ragusa rock is a Europe is wholly soluble in spirits of turpentine and
soft chalk, consisting almost entirely of carbonate of in this respect is quite different from almost any other
lime and magnesia, that any identity could be estab- variety of bitumen. There was no indication of a mix-
lished between the original Kentucky rock and Ragusa ture of any petroleum residuum in either 714A or
rock from which the mastics were made. 714B.

The two mastics, however, were, to be according The following table gives the percentage of the total

to the specification, identical or equal to each other, bitumen found in the four dift'erent specimens which
The four samples were subjected to chemical experi- yield to a solution of the three solvents:

ments and a physical test. 713.\ 71.3B 714A 714B

CHEMICAI FXPFRTMF\'TS Peiroleum ether 72.-2.5 59.20 78.75 63.5CHEMICAL EXPERIMENTS.
Boiling turpentine 22.75 31.65 21.25 36.5

Portions of the four samples were broken into coarse Chloroform 5.00 9.15 Zero Zero

fragments, care being taken not to pulverize the sam- The total bitumen found in the four samples is as

pies, and weighed in duplicate portions of 5 grams follows:

each. These portions did not contain pieces larger 'Jff^^ j^'gg- g^^'^ 167^3
than a pea. They were placed in stoppered funnels The total composition of the four specimens is

:

with balanced filters. The samples were made as near- 713.A.—Bitumen, 7.755, sand 92.245.

ly alike as possible under the circumstances and thev l|31^-^i.t"men 13^ sand 45.675, carbonate of lime, 40.460
^ "^ - iI4A—Bitumen. 9.049, carbonate of hme, 90.9-31

were all treated with petroleum ether out of the same 714B—Bitumen 16.723, carbonate of lime and sand, 83.277

bottle of a specific gravity of 90° Baume, until the This specimen of 713A consisted, like all other

ether passed colorless. samples of Kentucky rock, of bitumen saturating a

The solutions in petroleum ether were variously sandstone hard and sharp-gritted. 713B consisted of

colored. 713A, by transmitted light, was dark red; bitumen 13.865 per cent, sand 45.675 per cent, pul-

by reflected light, dark broivn. verized limestone 40.460. These ingredients indi-

713B was, by transmitted light, Uglit red; by re- cate a material that is practically a street mixture

fleeted light, a strong green fluorescence. prepared from sand, powdered limestone and bitumen.

714A was, by reflected light, brozcn ; by transmitted The bitumen consisting largely or wholly of petroleum

light, red. 714B was the same. residuum.

These different colors indicate that the three num- 714A consisted of bitumen 9.049, carbonate of lime

bers, 713A, 714A and 714B, did contain a different 90.951. The carbonate of lime contained, as is usual

bitumen from 713B. 713B must have consisted in with chalk formations, a small percentage of grit,

large proportions of some sort of petroleum residuum which in the unbroken rocks are usually found to be

which may or may not have been mixed with other silicious shells. 714B consists of bitumen 16.723, the

natural bitumens, the proportion of petroleum resid- remainder consisting practically of carbonate lime, but

uum being sufficient to disguise the other ingredients, containing a larger proportion of silica than the lime-

I have examined hundreds of natural bitutnens and stone residuuin from 714A.

have never found a specimen of asphaltum or bitumin- The excess of silica may have been added, or, as it is

ous rock from any part of the world to yield a solu- more likely, it may have been a constituent of the nat-

tion in petroleum ether having a green fluorescence, "ral rock from which the mastic was prepared.

Solid asphaltuni and the bitumen of asphaltic rocks These results show, as far as chemical results can

invariably yield a brown solution in petroleum ether. show, that 713A was natural Kentucky rock; 713B
The exhausted filters were dried and weighed was a mixture identical with or resembling a street

against the balanced filter and then returned to the mixture, consisting, as before stated, of sand, pulver-

funnels, where they were exhausted with boiling spir- ized limestone and bitumen that was wholly or largely

its of turpentine. The residues from the boiling tur- petroleum residuum. 714A is natural Ragusa bitumin-

pentine were treated with 95 per cent alcohol and after ons limestone. 714B was a mastic prepared froin such

being thoroughly exhausted of the turpentine were limestone with an addition of bitumen that was prob-

dried and weighed. The dried filters were then re- ably extracted from poor rock out of the same quarry,

turned to the funnels and exhausted with chloroform. physical tests.

These different solutions and residues yielded the Portions of 713B and 714B were pulverized in the

following percentages

:

first instance completely and in the second instance

"IS--^ "136 714.\ 714B onlv partiallv, as it was very difficult to reduce the
Petroleum ether 5.603 8.204 7.189 10.622 t, I- • , „ ,-

'

. t, , a
Boiling turpentine 1.765 4.389 1.860 (j.lOl

Ragusa mastic into small fragments. These crushed
Chloroform 387 1,272 Zero Zero portions were compacted into a mold such as is used

From an inspection of this table it will be observed in making cement briquettes. One was prepared at

that the two samples 714A and 714B were exhausted lalx)ratory temperature, a second was prepared by
of bitumen by treatment with iietroleum ether and sjiir- warming the mass to a temperature of about 180°.

Its of turpentine. They were allowed to cool and set over night and were
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broken tbe next morning in the cement testing ma-

chine, with tile following results:

713B cold, broke at 170 pounds.
713B hot, broke at 21(1 pounds.
714B cold, broke at 17G pounds.
714B hot, broke at 189 pounds.

Both briquettes 713B broke short, while both 714B

stretched before breaking in such a manner as to ren-

der the exact determination of the point at which they

broke difficult. The briquettes made from Ragusa

rock were very much more elastic than those made
from so-called Kentucky rock. The halves of the

broken briquettes were very nearly of the same size.

They were exactly alike in shape and were an inch

thick, with a superficial area appro.ximating two square

inches.

These broken briquettes were crushed in an Olsen

machine and were found to sustain the following

crushing pressures:

71.3B cold sustained a crushing pressure of 3,000 pounds.
713B hot sustained a crushing pressure of 3,000 pounds.
714B cold sustained a crushing pressure of 4,200 pounds.
714B hot sustained a crushing pressure of 5.200 pounds.

All of these varied experiments, both chemical and

physical, established the fact beyond any question that

the mastics were neither identical nor equivalent and

that the mastic prepared from Ragusa rock is very

greatly superior to the so-called Kentucky rock mastic.

The inadequacy of any proof of identity or equality

between these specimens exhibited by the unsigned re-

port needs no farther demonstration than a perusal of

the reports of these two materials. The mastic was

to be used in one of the city parks for walks, over

which, at certain seasons of the year, a constant stream

of pedestrians was moving. The fact that a ten-pound

weight on a surface of 4 sq. ins. made no impression

is ridiculously inadequate. The mastic walks were to

be continually used at a temperaure often reaching

120° F. in the sun, and subject to the impressions of

boot heels, supporting a weight of 10, 15 or 20 times

10 lbs. If the conditions under which this report was
made were not as serious as they really are, the report

might be denominated a complete farce.

SPECIFICATIONS FOR THE PURCHASE OF
FUEL OIL.

The value of the mine production of gold, silver,

copper, and lead in Texas in 1910, according to C. W.
Henderson, of the United States Geological Survey,

was $209,061 against $199,446 in 1909. The quantity

of ore treated was 21,917 tons against 21,762 tons in

1909. The production of gold was $423, against $314
in 1909 ; that of silver was 380.322 fine ounces, valued

at $205,374, against 374,444 ounces, valued at $194,-

711; that of copper was 3,157 lbs., valued at $401,

against 3,862 lbs., valued at $502 : and that of lead was

65,068 lbs., valued at $2,863, against 91,140 lbs., valued

at $3,919. The metal production of Texas is therefore

mainly in silver and lead, and much the greater part

of this is from the well-known Presidio silver-lead

mine, in the Shafter district of Presidio County. The

output of gold, silver, copper, and lead in Texas is all

from trans-Pecos or far western Texas.

The U. S. Bureau of Mines, Washington, D. C, has

recently issued Technical Paper No. 3, on "Specifica-

tions for the Purchase of Fuel Oil for the Govern-

ment," with directions for sampling oil and natural

gas.

General specifications for the purchase of fuel oil

are given in the paper as follows

:

In determining the award of a contract, considera-

tion will be given to the quality of the fuel oflfered

by the bidders, as well as the price, and should it ap-

pear to be to the best interest of the Government to

award a contract at a higher price than that named
in the lowest bid or bids received, the contract will be

so awarded.

Fuel oil should be either a natural homogeneous oil

or a homogeneous residue from a natural oil; if the

latter, all constituents having a low flash point should

have been removed by distillation ; it should not be

composed of a light oil and a heavy residue mixed in

such proportions as to give the density desired.

It should not have been distilled at a temperature

high enough to burn it, nor at a temperature so high

that flecks of carbonaceous matter began to separate.

It should not flash below 60° C. (140° F.) in a

closed Abel-Pensky or Pensky-Martens tester.

Its specific gravity should range from 0.85 to 0.96

at 15° C. (59° F.) ; the oil should be rejected if its

specific gravity is above 0.97 at that temperature.

It should be mobile, free from solid or semi-solid

bodies, and should flow readily at ordinary atmospheric

temperatures and under a heat of i ft. of oil, through

a 4-in. pipe 10 ft. in length.

It should not congeal nor become too sluggish to

flow at 0° C. (32° F.).

It should have a calorific value of not less than 10,-

000 calories per gram ( 18,000 British thermal units per

pound) ; 10,250 calories to be the standard. A bonus

is to be paid or a penalty deducted, according to the

method stated under section 21, as the fuel oil deliv-

ered is above or below this standard.

It should be rejected if it contains more than 2 per

cent water.

It should be rejected if it contains more than i per

cent, sulphur.

It should not contain more than a trace of sand,

clay, or dirt.

Each bidder must submit an accurate statement re-

garding the fuel oil he proposes to furnish. This

statement should show : The commercial name of the

oil ; the name or designation of the field from which

the oil is obtained ; whether the oil is a crude oil, a

refinery residue, or a distillate ; the name and location

of the refinery, if the oil has been refined at all.

The fuel oil is to be delivered f. o. b. cars or vessel,

according to the manner of shipment, at such places,

at such times, and in such quantities as may be re-

quired during the fiscal year.
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A CONTINUOUS LIQUID EXTRACTOR, AND
AN APPARATUS FOR THE MEASURE-

MENT OF AN EVOLVED GAS.

In a recently issued circular of tlie United States

Bureau of Chemistry IMessrs. R. F. Bacon and P. B.

Dunbar, Assistant Chemists, Division of Foods, de-

scribe two interesting pieces of chemical apparatus.

The first of these is an apparatus for the continuous

extraction of liquids with immiscible solvents lighter

than water, and the second is an apparatus for quan-

titative reactions which depend on the measurement

of an evolved gas.

CONTINUOUS LIQUID EXTRACTION.

This apparatus was designed originally for use in

the extraction of lactic acid from ketchup and other

fruit products. Its principal advantages are compact-

9

d

Fig. 1. Fig. 2.

ness, the elimination of ground joints and stoppers,

and practically complete condensation. Seven of the

extractors may easily be placed side by side on a 24-in.

hot plate. They have been made at a cost of $1.50

each, but may be constructed in the laboratory by

anyone having ordinary skill in glass blowing.

The apparatus consists of four parts: (i) A jacket

flask; (2) an extractor thimble; (3) an ordinan,-

Gooch funnel
; (4) a condenser.

(i) The jacket flask (Fig. i, A) is made of glass

tubing 2 ins. in diameter and approximately 1-16 in.

thick; it is 20.5 ins. long and is enlarged to a diam-

eter of about 3 inches at its lower or sealed end, as

shown in the illustration. (2) The extraction thimble

(Fig. I, B) is an ordinary test tube having a diam-

eter of 1.5 ins. and a capacity of 100 cc. when filled

to within 1.5 ins. of the top. One-fourth of an inch

from its top and on opposite sides of the tube are

placed two holes about J4 i"- i" diameter. (3) The

Gooch crucible funnel is Fig. i, C; those used in this

laboratory are 8.5 ins. long. When dense liquids are

to be extracted it is sometimes necessary to increase

the length of the funnel. The lower end of the stan is

ground at an angle of 45 degrees. (4) The condenser

(Fig. I, D) is designed to hang loosely in the jacket

flask. Its details are evident from the drawing. A
simpler form of condenser, which is just as efficient,

may be made by sealing one end of a i^-in. tube and

drawing it to a point. The open end is flared some-

what to permit the tube to hang in the jacket. The
condenser tube is closed by a two-holed rubber

stopper, through which pass the inflow and outflow

tubes.

Operation.—Place from 100 to 150 cc. of ether in

the jacket flask (A)
;
put the liquid to- be extracted

(100 cc.) in the test tube (B), insert the funnel in the

same tube and suspend it in the jacket flask, about

3 ins. above the bottom, with a copper wire which

passes through the holes in the test tube and is hooked

over the rim of the jacket flask. Insert the condenser

in the top of the jacket flask. The condensation is

usually so perfect that no ether vapors escape into the

room. The condensed ether drops from the point of

the condenser into the funnel and is carried to the

bottom of the test tube whence it flows up through

the liquid and overflows at the top.

The efficiency of the extractor mav be increased by

the use of a glass spiral attached to the stem of the

Gooch funnel, as described by Kampf.^

APPAR.\TUS FOR THE MEASUREMENT OF AN EVOLVED

GAS.

The apparatus represented in Fig. 2 was devised to

give in a compact and easily manipulated fonn an ap-

paratus which will allow of the measurement of an

evolved gas without first sweeping out all air or other

indifferent gases. It consists of a graduated funnel

tube (A), a reaction chamber (B), an absorption tube

(C), filled with glass beads, a eudiometer (D), and a

leveling tube (E). A heating coil may be wrapped

around the reaction chamber (B) when desired. The
absorption tube (C), which is sealed onto the eudi-

ometer, fits into the reaction chamber (B) by means

of a ground joint at (F).

The manner of using the apparatus may best be

illustrated by one of the reactions which can be ad-

vantageously carried out in it. Spica- estimates citric

acid from the carbon monoxid evolved by decompos-

ing this acid with strong sulphuric acid at 100° C.

He runs air-free carbon dioxid through a flask con-

taining the citric acid until all air is displaced from the

»Chem. Ztg.. 1910, 34; 13Gr,; Chem. Abst., 1911, 5; 1350.

"Chem. Ztg.. 1910, 34; 1141.
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apparatus. He then adds concentrated sulphuric acid,

heats to ioo° C, drives over tiie evolved carbon

monoxid with a stream of air-free carbon dioxid, and

collects the gas in a eudiometer over a sodium hydrate

solution. The method as carried out by him is accu-

rate, but requires considerable care and attention to

remove tlie air from the apparatus completely, to in-

sure that all evolved carbon monoxid is swept over

into the eudiometer, and to prevent the strong sodium

hydrate solution from sucking back into the reaction

flask containing carbon dioxid and sulphuric acid. In

the apparatus proposed no attempt is made to remove

the air before reaction, the volume of evolved gas

being simply measured by the increase in volume of

the total gases after reaction. Thus the Spica method

as carried out in this apparatus is as follows

:

Place about 0.2 gram of citric acid in the reaction

chamber (B), open the stopcock (X) and bring the

liquid (in this case a strong sodium hydrate solution)

to the zero mark (G) in the eudiometer tube by raising

or lowering the leveling tube (E). The air in the ap-

paratus is then at atmospheric pressure. Close (X).

To (A) add about 15 cc. of concentrated sulphuric

acid. Lower the leveling tube so that the air in the

apparatus is under reduced pressure. By carefully

opening the stopcock (X) run in exactly 10 cc. of the

sulphuric acid. Close (X) and heat to about 100° C.

bv means of the heating coil until the reaction is com-

plete. Let the apparatus stand until the absorption

of other gases (sulphur dioxid, etc.) is complete and

it has reached room temperature. Bring the gas in

the apparatus to atmospheric pressure by means of

the leveling tube (E). The gas reading in the eudi-

ometer minus 10 cc. (for the added sulphuric acid)

equals the volume of the evolved gas at the existing

temperature and pressure. The apparatus has been

used in this laboratory with accurate results to esti-

mate citric acid by the Spica method and for the esti-

mation of amino acids by the \'an Slyke method,^

which depends on the evolution of nitrogen by the

action of nitrous acid on the amino acids. The ap-

paratus is readily cleaned by taking it apart at the

ground joint (F).

THE ESTIMATION OF ESSENTIAL OILS.*

By CHARLES D. HOWARD.f

Of Alontana's zinc output in 1910, which was 31,-

638,184 lbs. (figured as spelter), against 9,359,724

lbs. in 1909, the Summit Valley district, in Silver Bow
County, produced all but 18,000 lbs. Nearly all of

the zinc ore was sent to concentrating plants, and the

concentrates produced contained 31,334,204 lbs. of

zinc : the crude ore sent to smelters yielded only 303,-

980 lbs.

The total quantity of ore treated or sold in Idaho

in 1910 was 1,786,174 short tons having an average

value per ton of $8.99, an increase of 13,791 tons and

of $0.31 per ton over 1909.

'Ber. a. chem. Ges., 1910, 43 (3) : S170.

During 1908 the writer published a method' for the

determination of essential oils in extracts and pharma-

ceutical preparations, involving precipitation and ex-

traction in a Babcock milk bottle, the small quanti-

ties of chloroform and ether used being volatilized by

rapid evaporation in a water bath. This method was

applied to a variety of extracts, including, incidentally,

benzaldehyde, although there was no intent to claim

that it afforded results of any value in the latter in-

stance.- The method was subsequently criticized by

Hortvet and West,' the authors claiming that the pro-

cedure did not serve to eliminate all of the chloroform

and that extraction was not complete.

As a result of further experience, it is admitted

that this method sometimes affords erratic results in

the case of certain oils and that the average worker is

liable to encounter some difficulty in securing concor-

dant and accurate figures. It has proved of value,

however, in the case of such oils as lemon, orange,

wintergreen and peppermint, A method of this char-

acter has the advantages of being simple and quickly

carried out, requires no large quantity of solvent, and

avoids the difficulties in connection w'ith drying and

weighing the oil—the latter, in our experience, prov-

ing not inconsiderable.

Based upon the conviction of the writer that a much
smaller quantity of solvent than that prescribed by

Hortvet and West can be made to serve for complete

extraction, the following modification was devised and

has been used in this laboratory during the past year

ties of essential oil preparations. The procedure in-

volves application of the principle, referred to by the

writer in his original paper and since confirmed by

Hortvet and West,^ that when an ethereal solution of

an essential oil is rapidly evaporated, no appreciable

loss of oil occurs.

Procedure.—Transfer 20 cc. of the extract to a four-

ounce separatory funnel; in the case of preparations

containing more than five per cent of oil, take but 10

cc. Add 50 cc. of water and (except in the case of

oils of the type of cinnamon and clove two drops of

strong hydrochloric acid. Shake out with three por-

tions of ether, using 15 cc, 10 cc. and 5 cc. After each

extraction except the last, the ether solution may be

run out into a small flask, wliich is kept stoppered if a

series of determinations is being run simultaneously.

The combined ether extracts are washed once with 10

cc. of ether-saturated water for removal of the hulk of

the alcohol, then cautiously transferred to a 10 per

cent milk bottle, rinsing the flask and tip of the funnel

with an additional 2 or 3 cc. of ether. Attach a bulb

tube to the stem of the bottle and connect with a

•From The Journal of Industrial and Eng-ineering Chemistry.
tState Laboratory of Hygiene, Concord, N. H.
ijour. Am. Chem. Soc, 30, G08 (190S).
^The Journal of Industrial and Engineering Chemistry, 1, 84

(1909).
sLoc. cit., p. SS.
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filter-pump, immerse the bottle in nearly boiling water,

start the pump and shake with a gentle rotary motion

at first. When all clanger of spirting has passed,

shake violently and toward the last immerse in boiling

water for a few seconds, or until the application of a

match flame demonstrates the complete elimination of

the ether. The removal of most of the latter should

require not more than two or three minutes. Finally

add cold water and centrifuge. In the case of oils

heavier than water, salt solution must be used as the

floating agent, except with wintergreen, for which

cold sulphuric acid (1:2) may be safely and most

conveniently used.

A CONVENIENT METHOD OF CHECKING
RESULTS.

By R. E. BRADLEY.*

The Northern Steam Boiler Association of Sweden

reports trials of peat powder as fuel under steam

boilers in the month of February last. For blowing

the powder into the combustion chamber under a

boiler an electric fan was used for which i h. p. was

required. The air used was heated in the smoke

flues of the furnace to about 200° F. previous to

blowing the powder into the furnace, and it was pos-

sible to regulate the amount of air and powder with

great precision. It was found that i ton of coal was

equivalent in "heat effect" to 1.397 tons of peat pow-

der, the latter being of poor quality, and to 1.2 tons if

better quality had been used. The "heat effect" of the

boiler is stated to have amounted to an average of

75.31 per cent when heated by peat powder and 64.17

per cent when heated by coal. This is said to be

partly because of the more intimate mixture of the

heated air and coal possible when peat powder is em-

ployed and the more complete control of the propor-

tions. The cost results found in this experiment in

raising the same amount of steam with peat powder

and with coal are stated to be as follows : The ton of

coal required to raise the required amount for the

same amount of steam cost $3.95, and the 1.214 tons

of peat powder required for the same amount of

steam cost $2.76. In using the powder, however,

some coal is -required for the start, the additional cost

being 50 cents, bringing the total cost for the powder

to $3.26. Thus the saving effected in using the pow-
der was 69 cents, or 17 per cent. The experiment

was made at a point near the peat bog and the manu-
factory of the powder and not at a port where coal

was cheapest, but the proportions of value were not

affected by that.

The value of the mine output of silver, copper, lead

and zinc in the Central States for the calendar year

1910, according to B. S. Butler and J. P. Dunlop, of

the United States Geological Survey, was $62,866,-

732, compared with $63,997,999 in 1909. The decrease

in total value was occasioned by the smaller produc-

tion of copper in iVIichigan, which yields practically

the entire output of that metal in these states. The
production of silver, lead, and zinc increased both in

quantity and in value.

Suppose we have obtained two results, A and B, of

which A is the greater, and suppose we do not wish

to have them differ by more than 0.2 per cent.

Given A^B
<

A—S=.oo2 A
A—B<

=.002

A
i-B<
—^.002

A
B<
—^.002—

I

A
B>
—^i—.002=0.998

A
> —

Log. B—log. -t/^log. .998=1-!- .999 1=0.0009.

<
Log. A—log. 5=.ooo9.

This, interpreted, means that if an accuracy of 0.2

per cent is desired, the logarithms of the two results

cannot vary more than 0.0009, and further, that this

will be the case no matter how large A and B may be.

This is often convenient in noticing the divergence of

results while still in the logarithmic state.

A little consideration will also show that for a di-

vergence of 0.1 per cent, the allowable logarithmic di-

vergence will be 0.0004, 0-3 P^^ cent ^^0.0013, 0.4 per

cent=o.ooi7, 0.5 per cent^.0022, etc.

The production of silver in Montana in 1910 was

12,162,857 fi'is ounces, against 12,378,714 ounces in

1909. Nevada now takes the leading place in silver

output in the United States, which Montana held in

the years 1909 and 1908. Of INIontana's 1910 output

of silver, 9,153,590 ounces, or 75 per cent, came from

copper ores, and 2,139,465 ounces, or 17.6 per cent,

from silicious ores. Bullion at gold and silver mills

produced only 130,900 ounces, while concentrates pro-

duced 8,208,644 ounces and crude ore shipped to smelt-

ers contained 3,766,375 ounces. Silver Bow County

produced 10,400,840 ounces, or 85.5 per cent of the

state's production, compared with 10,609,328 ounces

in 1909.

The production of lead in Montana increased from

2,983,430 lbs. in 1909 to 4.106,292 lbs. in 1910. Nearly

all the metal-mining counties in Montana made a small

yield of lead, but Jefferson County, with a production

of 1,975,492 lbs. in 1910, against 1,568,696 lbs. in 1909,

produced nearly half of the state output in both years.

•251 Main St., "Winchester, Mas
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sacrifice. ' But although over a quarter of a century's
\ New Water Softening Process 435 , . , . . u i- 1 ^t.- 1

„ , . ^, ^ .,
°

. , „
.f ^1 T-- 1.^1 fruitless waiting has dimmed this hope, never very

Rules for the Contribution of Papers for the Eighth . ^ ' -'

Annual Congress of Applied Chemistry 4315 bright, yet he must Still insist as earnestly as ever that
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inary four years' college course exclusively chemical.

NOTES AND COMMENTS. Now. then, believing this, should he agitate for the

legal requirement of such a course? Heaven forbid!

The Ethics of the Practice of Chemistry. The employer has a right to get his analytical work
Editor Chemical Engineer: done by anyone—a coal heaver if he wishes to do so,

Sir: Your recent editorial on this subject leads me and the principal relief that your correspondent expe-

to bring up a point in connection with it which hereto- riences in wTiting this letter is the relief it affords

fore has been ignored or overlooked by those favoring him to protest against the silly and vicious spirit of

state regulation of the same sort as is now in force paternalism everywhere rampant in this land of the

with some other professions, notably law and medi- free. The state has the right ( it is its business, in

cine. That point is, that if inadequately prepared fact) to brand the incompetent analyst as such, but

analysts are legally debarred from practice it will has no right to say that the individual may not never-

completely shut us off from our source of supply. For theless, employ him if he wishes to do so. This un-

the young college graduate in chemistry cannot by ceasing warfare against individualism everywhere, and

any stretch of the imagination be considered ade- at all times in evidence, is excusable in the ignorant

quately prepared in analytical chemistry. As a general and unthinking, and we must expect it, but we find the

scientist full of the promise of future great things in educated even more inclined than the ignorant to fall

some particular line of engineering effort he is entitled in with the miserable instinct, always manifest in a

to be considered with the most profound respect. But majority to decide for the individual what the indi-

as an analytical chemist he is at graduation obviously vidual should be permitted to decide for him.self, and

nothing more nor less than a somewdiat mitigated the petty disposition to deny to other the cakes and ale

humbug. Imagine the same system of preparation it does not care for itself. Tn the great (small in a

and performance in vogue in other professions ! Sup- sense) local option wave for instance, what chemist

pose a doctor whose college training has been mostly has not manfully voted bis conviction that the indi-
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vidual cannot be trusted to decide for himself wheth-

er or not a glass of beer is good for him (although

if the state interfered with his two cups of black cof-

fee for breakfast every morning he would consider it

a singularly impertinent and outrageous perform-

ance), or in the great pure food crusade, what chem-

ist is satisfied with Dr. Wiley's magnificent and legiti-

mate accomplishments as they stand, and would not

vote, if he had the chance, to go further and pro-

hibit the cheap and unscrupulous dealer instead of

merely showing him up? Ignoring the sacred right

of the individual under the constitution to make an ass

of himself in any way that he sees fit (provided he

does not hurt others) and eat benzoate of soda when,

where and how he likes. Overlooking also the obvious

fact that if a man cannot afiford the pure article (as

may well happen these days of heavy costs and light

pay), it is for him and not for the state to decide

whether or not he shall take his chances with the

benzoated one. Undoubtedl\- a market entirely bare

of "bum" chemists, benzoated food products, and the

like would be a grand good thing, but freedom is a

still better thing—not the freedom to deceive, rob and

cheat, and herein, and herein only, lies the state's op-

portunity and its duty, to safeguard, it is true, not only

the individual, but his rights as well, and the prohibi-

tionists and paternalists of all shades and classes are

seeking to get the government to do to a certain extent

the very thing it was instituted to prevent.

In this matter of the ethics of the practice of chem-
istry, let us not jump into a narrow-minded and petty

paternalism because everybody else is doing it.

George Auchy.

STANDARDIZATION OF TOOL STEEL.

At the recent general meeting of the United Alalay-

sian Rubber Co. in London a resolution was passed to

increase the capitalization from $10,000,000 to $11,-

000,000. The company has constructed two large fac-

tories, one at Karimon and one at Goebilt, on the

former of which $600,000 has already been spent. It

is estimated that about $350,000 will be needed for ad-

ditional works on the Goebilt factory. When these

two factories are completed and in working order, the

former will have a capacity of 30,000 lbs. of rubber per

day, and the latter a capacity of 10,000 lbs. per day.

A large glass factory recently built in Damascus
to utilize the sand in that locality has not proved a suc-

cess, owing to the impurity of the native sand. The
factory will therefore have to depend for its raw ma-
terial on sand imported from Germany. Coal is very

expensive in Damascus, as most of it has to be im-

ported.

The zinc production of Idaho was 4,252,104 lbs.

greater in igio than in 1909. With the exception of

a small quantity of zinc produced in Blaine County the

output was derived from concentrates shipped from
the Success mine, in Shoshone County.

In a paper on the standardization of tool steel read

at the last annual convention of the Railway Tool

Foremen's Association ^Ir. Henry Otto of the At-

chison, Topeka & Santa Fe Ry. brought out the

following points

:

"I wish to call your attention to the necessity of

standardizing carbon and high-speed steel for tool

work. We all know that there is a great liability of

the purchasing agents being deceived in purchasing

steel for tool work by the low prices c[uoted by manu-

facturers, more attention being paid to the purchase

price, rather than to the quality of the material. Steel

can be purchased at a very low cost which would not

be fit for the work for which it was intended, in which

event, the breakage of tools would be so great that

the users would have been 50 per cent ahead if they

had paid twice as much for a better steel. On the

Santa Fe Railroad, we manufacture all the tools used

on the whole system at the Topeka shops, thereby

keeping all tools standard. If we learn of a better tool

on the market, we make a special efifort to get it, test

it, and if found to be superior to the ones which are

in use, we adopt them at once.

"We all know that we cannot use the same kind of

carbon or high-speed steel for the same class of work,

and we also know that it is impossible to use steel

containing the same percentage of carbon for all kinds

of tools. We cannot make a shear blade or a frame

reamer from the same grade of steel, and if we were

able to adopt a standard of this class of work, we
would be able to make a very large saving during the

course of a year. If each one of us were to make a

study of the subject and arrange to discuss it at our

next meeting, we would be able to adopt standards

of high-speed and carbon steel for each particular tool

used in railroad shops."

In the discussion that followed the reading of the

paper, j\lr. A. M. Roberts, of the Bessemer & Lake

Erie Railroad, Greenville, Pa., stated

:

"I have not found any tools that I felt afraid of

making of high-speed steel. We do not make a ball

reamer or a radial reamer of any kind except of high-

speed steel. We use high-speed steel for most of the

taper reamers and taps. We use milling cutters of

high-speed steel, and we have milled a crucible stay-

bolt tap about 30 inches long in 15 minutes, provided

nothing went wrong. It almost looks impossible, but

it is a fact, and if we were in a hurry or holding up a

job we could do a little better. The solid tap is almost

a thing of the past with us. We cannot afiford to put

in time making solid taps. They crook and it costs

money to straighten them. There are some things

in coke and coal that are detrimental when used in

connection with the tempering of steel. The electric

furnace is ideal for this purpose and gives an accurate

heat. The trouble has been that the men handling the

steel have not studied it sufficiently to keep up with

the progress of its development. Get your heats
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right aiul use a proper grade of steel for the work,

giving Uic right temper and you will not have trouble.

The class of men who use reamers are not mechanics,

therefore there will be some breakage, but if we get

the full efficiency of the steel, hardened in the proper

manner, we will have less breakage than if we guessed

at it and hardened haphazardly."

A NEW WATER-SOFTENING PROCESS.

The following description of a new water-softening

process being introduced in England is taken from

Engineering of London:

It is probable that few people, if asked to describe

the nature of "zeolites" could do so; indeed, we doubt

very much whether many persons outside the ranks of

geologists have ever heard of them. Yet they are dis-

tributed pretty freely among the older rocks of the

earth's surface, though not not entering into the con-

stitution of the rocks themselves. They are found in

a crystalline form in amygdaloidal fissures or cavities

of trap or plutonic rocks, where they have apparently

been deposited from water which has percolated into

the cavities, thus probably being products of decom-

posing nepheline. or felspar, of hydrated felspar

themselves. They present a great variety of develop-

ment, and are mostly white and glassy in appearance.

Briefly, they are hydrated silicates of alkalies, gen-

erally with silicates of aluminum, and seldom contain-

ing magnesium. The water is, we believe, generally

regarded as basic, in union with silica.

Owing to the great number of forms that consti-

tute this group of minerals, and their varying chemical

constitution, it is quite out of the question to discuss

them fully here, nor is it necessary ; all we need say is

that they are composed generally of varying quantities

of silica, alumina, lime, soda, potash and water, the

silica always largely predominating in all forms,

though the other constituents we have named are not

necessarily found in all "zeolites." As an example of

one form we may take analcime. which is composed of

54.5 per cent of silica. 23.3 per cent of alumina, 14. i

per cent of soda, and 8.2 per cent of water. These

zeolites have, in contradistinction to other silicates oc-

curring in nature, the property of being soluble, and

they also decompose in dilute acids. They have also

the very important property of being able to exchange

their bases for others.

Having said this much with regard to the zeolites

found in nature, we come to the connection which the

property they possess of exchanging their bases for

others has with the subject of our article. One would

not, on first thought, see much connection between

zeolites and the softening of water, but it has been

found that when hard water is allowed to filter slowly

through layers of these hydrated silicates of alkalies

the lime in the water changes place with the soda in

the filtering medium, and the water passes out soft-

ened; and this fact has been the means in Germany of

instigating a series of experiments during the last two

years, which have proved of great value and which

have shown that these zeolites can be produced artifi-

cially, with the result that the substance is now made

much more regular in its composition and freer from

impurities than that found in the state of nature. To
these artificial zeolites has been given the name of

"permutit," which in a moist condition is of a gran-

ular flaky form, and has a luster like that of mother-

of-pearl. It has a high porosity, and in the dry state

readily absorbs about 50 per cent of water. The de-

tails of its manufacture cannot be gone into here, but

we may say that it is obtained by fusing together

felspar, kaolin, clay and soda in definite proportions,

the resultant material being lixivated with hot water,

when permutit is left as a residue. The granular ma-

terial is freed as much as possible from the final alka-

line lye by washing and centrifugal action. The em-

pirical formula of an artificial zeolite is approximate-

ly 2 SiO„, AI3O3, Na„0, 6 H„0.

Now, the use of this material for softening water

may be briefly as follows : As is well known, the total

hardness of water may consist of temporary hardness

or of permanent hardness, or of the two combined, the

former being caused by calcium and magnesium car-

bonates, and the latter by other salts of lime and mag-

nesia. Boiling at atmospheric pressure precipitates the

carbonates and the magnesia, but not the salts form-

ing permanent hardness. Now, as is well known, in

the commercial processes at the present time sodium

carbonate is added to water as a means of precipitating

the hardening constituents of the water, there being

an exchange of bases between the lime and manganese

and the sodium carbonate. In like manner, if hard

water be allowed to filter slowly (the slower the bet-

ter) through layers of permutit, there is likewise an

exchange of bases, the lime in the water taking the

place of the soda in the permutit, one molecule of cal-

cium bicarbonate being converted (in the case of tem-

porary hardness) into two molecules of sodium bi-

carbonate, which latter remains in the water, being

very soluble.

The question that will, of course, at once arise in

the mind is, how long will the permutit in the filter re-

tain this power? The answer is that it will only retain

it so long as any soda remains to exchange with the

lime in the water, and here really comes the most in-

teresting part of the process. Permutit suffers prac-

tically no loss during use, but when a certain amount

of water has been passed through it, its softening

powers disappear, but they can easily be restored, and

the material can be used over and over again practi-

cally indefinitely.

The power of regeneration appears to be the chief

novelty of the process ; but before it is carried out a

few essential points must be attended to. In the first

place, the filter must be cleaned. Experience shows

that filtration is most efifective from the top to the

bottom, and that, therefore, cleaning should take place



436 THE CHEMICAL ENGINEER VOL. XIV. No. 4.

in the reverse direction—namely, from the bottom

to the top—so as to loosen the mass and remove any

air that has collected in the material, soft water, if

possible, being used for the purpose. After washing,

the permutit is regenerated by a solution of common

salt, the solution generally being of lo per cent

strength. Previous to regeneration all water is re-

moved from the filter down to the layer of permutit,

after which the salt solution is introduced and allowed

to flow slowly through the filter from four to five

hours. In addition to this, the brine is allowed to

stand for a further four or five hours, just covering

the layer of permutit, after which the filter is filled

with water from the top, and an outlet cock at the

bottom is opened for 20 or 30 minutes, or until the

water no longer shows any hardness with ammonium

oxolate or with soap solution.

The chemical reaction that takes place during re-

generation consists in an interchange between the soda

in the sodium chloride and the lime in the permutit

(derived from the water which it has softened), cal-

cium chloride remaining in solution in the regeneration

water. It may be stated that in practice the most suit-

able rate for the water that requires softening to pass

through the layers of permutit has been found to be

from 13 ft. to 17 ft. per hour. The permutit is not

only active at the surface, but also in the interior, in

consequence of its pososity.

From information supplied from Germany it ap-

pears that filters using these artificial zeolites have

been in practical use during the last two years, treating

water for a variety of purposes, including use in boil-

ers and for washing fine textile goods, and a plant

has recently been installed in this country for the lat-

ter purpose. The results, so far as we are able to

gather, have been entirely satisfactory. The treated

water is, we understand, particularly well adapted for

textile industries, as it can be reduced in hardness

practically to zero. In one case where a permutit

filter was supplied to a steam laundry in Berlin more

than two years ago, it is stated that in about nine

months 1,174,800 gallons of water passed through the

filter, which volume was completely softened without

any apparent loss of permutit. The charge of permu-

tit was about half a ton, and about 1.050 gallons of

water passed over each pound of the material. In

this case about 44,000 gallons of water per week were

used, and regeneration was carried out twice per week,

88 pounds of salt being used per regeneration, al-

though it is stated that it need not have been done

quite so often. The cost of regeneration naturally de-

pends on the price of salt, and on the degrees of hard-

ness in the water. It is stated that water having 53°

of hardness has been reduced to t,.'/" by the process.

All reports of this new method of softening water

speak very favorably of it. but the future only can

show whether it can stand the continued test of prac-

tical application in a variety of ways. It is, we under-

stand, being now introduced into England by

Water-Softeners, Limited, 20 Copthall avenue, Throg-

morton street, E. C, and its course will no doubt be

followed with much interest. We have not ourselves

seen it at work on a large scale, but have had the op-

portunity of inspecting what might be called a small

domestic installation, which was treating water of

about 20° total hardness. We tested the water after

treatment, and found it to be about 3° of hardness;

but we understood at the time that the filter required

regeneration, and that usually the hardness after treat-

ment was almost zero. Specially prepared permutit

can also be used for removing iron and manganese

from water, but this is a matter which we need not go

into here.

RULES FOR THE CONTRIBUTION OF PA-
PERS FOR THE 8TH INTERNATIONAL
CONGRESS OF APPLIED CHEMISTRY.

The officers in charge of the 8th International Con-

gress of Applied Chemistry, to be held in September,

191 2, have issued the following bulletin for the guid-

ance of prospective contributors of papers and the like

to the Congress.

The following summary of suggested requirements

and mutual obligations between the Congress and

prospective authors of contributions thereto is based

upon the Constitution and By-Laws and the Tentative

Rules on Papers and Publications and on Sectional

Procedure, all of which were first published in the

Preliminary Announcement dated March 6, '19H.

This announcement, translated into four different lan-

guages, has not only been widely distributed through-

out the entire world by the Congress itself at consid-

erable expense, but has also been very widely noticed

in the scientific, technical and trade press of the world.

In distributing this publication of the Constitution

and Tentative Rules, a request was always made that

criticisms of the latter be sent to the secretry of this

Congress. In the more than five months that have

since elapsed, very few such criticisms have been re-

ceived, and this is regarded as tantamount to an ac-

quiescence in those Tentative Rules on the part of all

who may be contemplating making contributions in

the shape of papers and the like.

This summary is compiled by the Congress, in re-

sponse to numerous requests for such information, in

a concise and compact form. Criticisms thereof, when

accompanied by suggested remedies, will be gladly re-

ceived by the secretary of the Congress at 25 Broad

St., New York City.

It is contemplated to announce the final and definite

rules governing the subject matter of this summary

during December, 191 1 ; criticisms received before

December i, 191 1, will be duly considered; criticisms

received after December i, 191 1, run the risk of not

being considered at all.

The final rules so adopted will be published in the

four official languages of the Congress, and will then
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be binding on all contributors to the Congress, and

all papers and tlio like otTered to the Congress must be

offered as subject to those rules ; any offer of a paper

is a tacit agreement to abide by those rules.

In order that there may be no misunderstandings or

disappointments, all prospective authors and all other

persons interested in this subject should carefully read

the rules that follow, and submit in writing any criti-

cisms they may have to oft'er, together with suggested

remedies for such criticisms.

1. All papers must be in duplicate and legibly writ-

ten, preferably typewritten.

2. Each sheet must be written on one side only and

not on both sides.

3. Each paper must be accompanied by an abstract

thereof, also legibly written, preferably typewritten,

and which must be in duplicate.

4. Papers and their abstracts, both in duplicate,

must be in the hands of the American Committee not

later than June 30, 1912. All papers received prior to

that time and accepted will be printed in their respect-

ive Sectional \'olumes and distributed to such of the

attending members of the Congress as may desire

them at or before the opening of the Congress. Papers

received after that time, if accepted, will be printed,

but may appear in an appendix which may or may not

be ready by the opening of the Congress ; the Congress

cannot then undertake to print them along with the

papers of those sections to which they may be

assigned.

5. All papers or like contributions must be as con-

cise as possible and must contain the full name and

postoffice address of their respective authors ; further,

what number, if any, of reprints of the paper or like

contribution is desired.

6. Papers or other like contributions must be orig-

inal and not elsewhere read or published, nor contrib-

uted or offered to any other society, association or pub-

lication for presentation or publication. The offer of

any paper to the Congress is a tacit and understood

agreement to the foregoing requirement. No paper

should deal with historical matter anv more than is

needful for a proper understanding of the new sub-

ject matter presented, which subject matter, as far as

practicable, should be of a date subsequent to June

1909, the date of the Seventh International Congress

of Applied Chemistry, except by special request. Non-
conformity to this requirement may be a reason for

rejection ; a remedy herefor is offered in para-

graph 18.

7. All authors, as a matter of course, agree not to

publish their accepted papers in any other publication

except as hereinafter provided, and, further, they

automatically agree to abide by any final decision of

the Congress with respect to such paper or papers,

their presentation, discussion or printing.

8. The Congress obligates itself to have its final

Report and Proceedings, including subject and

authors" index, completed and ready for distribution

on or before December 31, 1912; in case those reports

and proceedings be not ready for distribution by that

date, authors of all papers received and accepted after

June 30, 1912, may then publish in any journal or pub-

lication that they may elect. This refers only to the

report and proceedings bound in paper ; members de-

siring cloth-bound sets can obtain them at an advanced

charge over the $5.00 membership fee; such advanced

charge will be announced later, but will probably be

$2.50; delivery of these cloth-bound sets will be about

90 days later than of the paper-bound sets. Authors

of papers received before the close of June 30, 1912,

may publish those papers in any publication they may
elect after the paper is read or after the Congress has

adjourned.

9. Authors of papers accepted and printed in full

or in abstract will receive free of cost and all delivery

charges, not to exceed 50 reprints of each paper or

abstract ; additional copies of reprints can be had upon
payment of the prices for such copies, which prices

will be announced later. The Congress cannot under-

take to furnish reprints of papers if the order for such

reprints is not attached to the paper or abstract when
received by the American Committee.

10. No paper off'ered to and accepted by this Con-

gress can be at any time published elsewhere without

giving credit to this Congress for such article or pub-

lication.

11. The Congress reserves the right to reject any

paper or other contribution that may be offered to it.

12. Rejections by Sectional Committees will not be

final ; their decisions will be reviewed by the Commit-
tee on Papers and Publications, but rejection by that

committee will be final.

13. Authors of finally rejected contributions will be

notified in writing of such rejection immediately after

it has been made, and, as far as the Congress is con-

cerned, such final rejection is strictl)' secret and con-

fidential.

14. Any paper which is of a pronounced polemical,

advertising or personal character may be thereby dis-

qualified and for that reason alone rejected, regardless

of whatever merit the paper may otherwise possess.

15. The Congress reserves the right to print the

full paper only, or the abstract only, or the title only,

in each case with the author's name and postoffice

address.

16. The Congress will not publish a list of rejected

papers nor state what papers have been rejected; di-

rectly after the closing of the Congress all records

relating to rejected papers and like contributions will

be destroyed ; any and all proceedings as to rejected

papers or like contributions, so far as the,Congress is

concerned, will be strictly secret and confidential.

17. Authors are requested to state on the papers

themselves their preferences for the sections in which

they wish them to be read ; the Congress will respect

that request wherever practicable, but reserves the

right to assign the paper to any other section that

m:iy be deemed more appropriate, and such disposition

is final.
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i8. Authors will not receive printer's proofs of

their papers or abstracts ; nor will their papers or ab-

stracts be revised after receipt by the American Com-

mittees, except when express authority so to do is

given in writing by the author and time and oppor-

tunity ofifer for such revision ; authors of manuscripts

so revised waive any and all right to complain of or

rectify any such revision. (See paragraph 6.)

19. The time consumed in reading or presenting

the substance of any paper by an author or his repre-

sentative at a meeting of a section must not exceed ten

(10) minutes; papers or presentations requiring more

time than that must be suitably condensed so as to

fulfill that requirement.

20. Anyone reading a paper of another's author-

ship must be fully equipped and prepared to defend the

paper in discussion, and no one else will be permitted

to read such a paper ; an offer to read another's paper

is an implied statement to the effect of such prep-

aration.

21. In the absence of an author or his properly

equipped representative the paper will be read by title

only, and if there be any discussion it must be based

upon the paper as printed, because neither the paper

itself nor its abstract will be read; exceptions to this

rule can be made only under regulations that may be

adopted by each Sectional Executive Committee.

22. Discussion of a pronounced polemical, adver-

tising or personal character may be ruled out by the

Chair on that ground alone and not permitted to ap-

pear in the printed record ; the ruling of the Chair in

such matters is final and is not subject to revision or

appeal.

23. Participants in discussions will be given an op-

portunity of editing the manuscript reports of their

remarks, but printer's proofs will not necessarily be

submitted to them, although wherever practicable they

will be so supplied.

A pamphlet containing a list of topics of each sec-

tion as made up June 12, 191 1, has been printed and

widely circulated ; copies thereof, as well as additional

copies of this circular, can be obtained upon request

from Bernhard C. Hesse, Secretary of the Congress,

at 25 Broad St., New York City.

CONCRETE INSPECTION
By CHARLES S. HILL, C. E.

A MANUAL of information and instructions for inspectors of con-

crete work— with standard and typical specifications. Tlie first

book written on this important subject.

Clolh, Sl"x6"; 1S6 pages; illustrated; $1.00 net. postpaid.

THE MYRON C. CLARK PUBLISHING CO.
537 So. Dearborn Street, CHICAGO

C. L. PARKER
Solicitor of

CHEMICAL PATENTS
New York

Rooms 829-830 2 Rector S«
Suite 46 McGlll Building

Washlneton. D. C.

AUTOMATIC

WATER
STILL

A serviceable gas distil-

ling apparatus.

Capacity 1-2 to 9-10

gallons per hour.

Cost per gallon 2.5 to

3 cents.

The Booth Apparatus Co.

Dillaye Building

Syracuse, New York
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BALANCE OF COURSES IN CHEMICAL
ENGINEERING.*

By CHARLES H. BENJAMIN.f

INTRODUCTION.

Chemical engineering as a distinct profession is

growing and its development, although steady, is slow.

The pressure for the introduction of separate courses

in this branch of engineering has come from without

rather than from within. Professors, whether .of

chemistry or of engineering, have been inclined to look-

askance on this newcomer as the offspring of an un-

holy alliance, but the growing demand for men who
possess a working knowledge of both professions is

gradually reconciling them to the new arrangement.

In studying the development of chemical engineer-

ing, we have but to hark back twenty years and read

the description in college catalogs of the courses in

electrical engineering as they then existed.

The increasing use of electricity in the production of

light, heat and power and in telephone service brought

with it a demand for men who combined engineering

training with a knowledge of the new agent. This de-

mand received at first a half-hearted consideration-

from the faculties of our engineering schools. Per-

haps the professor of physics took charge of the new

department, bought a dynamo or two and drafted a

little engineering on the science course. More fre-

quently the professor of mechanical engineering as-

sumed a double title and brushed up his knowledge of

volts and amperes.

Gradually the warring elements were brought into

harmonious relations, the useful was retained, the use-

less dropped, and under the administration of an elec-

trical engineer, the course attained the place and the

dignity which it deserved.

In a somewhat similar way, new enterprises and

new combinations are seeking for men who have both

chemistry and engineering, and these men will be

called in the future "chemical engineers."

The professor of chemistry and the professor of me-

chanical engineering are just now a trifle at sea as to

the parentage of this last addition to the college fam-

•Paper presented at the 19th .\nniial Meeting of the Society
for the Promotion of En^neering Education at Pittsburgh, Pa..
June 27, 28 and 29. 1911.
tDean of the Schools of Engineering. Purdue University.

ily, but we have a right to infer from past history that

their diflerences will be adjusted, that the right bal-

ance will be established and that under the leadership

of a chemical engineer, the new course will take its

rightful place among its brethren.

DEFINITION.

The chemical engineer may perhaps be described as

a man who is competent to so superintend a manufac-

turing plant as to insure both the chemical purity of

the product and economy in the mechanical operation

of the factory. As a natural result of conservation and

concentration, establishments are now built and

equipped for the manufacture on a large scale of vari-

ous products used in the arts, which were formerly

made in smaller quantities at a much greater unit cost.

Paints and oils, varnishes, acids, petroleum products,

.soap, sugar, starch, glass, pottery, explosives, paper,

cement, bleaching powders, nitrates—are examples of

products requiring for their economical manufacture,

knowledge of both mechanical and chemical processes.

Some companies have attempted to solve the prob-

lem by employing two men, an engineer and a chemist,

and trusting to their joint efiforts. As its best, dual

control is imsatisfactory and inefficient, leading to di-

vergence and misunderstanding. The one man should

rule and he should be capable of meeting all problems

that arise, whether chemical or mechanical.

HOW TAUGHT.

There have been and still are marked diilerences

(if opinion among educators as to the methods of teach-

ing chemical engineers and as to the relative amounts

of engineering and chemistry to be put in the curri-

culum. Naturally, when the department has been an

outgrowth or development of the course in chemistry,

that science has received the more attention. In other

colleges, the addition of more chemistry to the course

in mechanical engineering has left the greater weight

on the engineering side.

The accompanying tables and diagrams show the

distribution of work by hours in the chemical engi-

neering courses of eight representative institutions.

These figures were originally compiled from catalogues

and in all cases but one were referred to the profes-

sors in the various colleges for correction. They prob-

ably represent closely enough for our purpose the

relative times assigned to the different branches.
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For convenience of comparison, the subjects have

been arranged in four groups: (i) Letters, compris-

ing all language work, economics and history; (2)

science, embracing mathematics, physics and geologv'

;

(3) engineering, covering all technical subjects not

T.\BLE I.- -CHEMICAL ENGIXEERING, ACTUAL HOURS PER W

Mich. Mass. Purdue. W
Rec. Lab. Rec. Lab. Rec. Lab. Rec

English 4 .. 8 .. .. '^

Language lb • » • ^^ "

Economics °

IS.

Lab.

Letters 2

Mathematics 18

Physics 8

General science

_24_
14

11

31

22
"9

14

1!)

8

Science 2*J "

Drawing 12

Shop 12

Mechanics 4

Mechanical Engineer-

ing -1 ''

Electrical Engineer-

ing ....••••. 2 6

Civil engnieering i' o

31

32
o

24
12

13

8

_8
18

10

l!i

8

Engineering 12

General chemistry . .... 4

Qualitative analysis. . .
4

Quantitative analysis.. 4

Organic chemistry..

Industrial chemistry

Inorganic chemistry.. ..

Theoretical chemistry. . .

Chemistry 29

Electives theses 5

42 19 39 47 9.T

12

18

12 21

8

21

11

12

6

12

12

12

24

2

4

11

00
"^

8

8

12

18

51 28 66 24 66 23 5

12

Totals 1^2 111 06 HI li>8 121 03 141

do the totals dilifer considerably but the percentages

of subjects van,' widely.

Examining the tables and diagrams somewhat in de-

tail, we find that Michigan differs from the other three

in Table III by having less engineering, and reference

to Table I shows this deficiency to be due to a rela-

tively light class room schedule in mechanics and me-

chanical engineering. Wisconsin is noticeable for the

small amount of time in letters. A few hours taken

from engineering and added to letters would restore

the balance.

Illinois has relatively less engineering and more

chemistry than the other institutions, while the total

number of hours is less than the average. Reference

to Table II shows this to be due to the alinost entire

absence of mechanical and electrical engineering.

The course at Pennsylvania State College is marked

h\ a relatively large amount of letters and a small

amount of chemistry, in other words, the course is

broader and less technical than the others.

The two last institutions on the list, Pennsylvania

and Columbia, have apparently much heavier schedules

than is usual, averaging thirty-three per cent greater

than the 145 hours which represents the mean weight

of the courses iii Table I.

Comparisons of total weight are, however, somewhat

uncertain, owing to the different ratios used in deter-

mining credit hours at the various institutions.

.\ peculiaritv of the course at Columbia is the omis-

chemical in character; (4) chemistry, embracing all

chemical subjects whether theoretical or technical.

The exact arrangement and definition of subjects in

the chemical group is probably not always correct but

as the comparison is to be made by groups, this is not

important.

The tables show the actual or clock-hours per week

for the entire course added together.

Diagram i represents the times of the various

groups graphically, the upper line in each case being

class room work and the lower line laboratory, shop or

drafting room time.

In Diagram 2, the two sets of hours have been add-

ed by reducing to credit hours. Each class room hour

is rated as one credit hour and two and one-half labo-

ratory hours are allowed the same weight. This is the

ratio obtaining at Purdue University and is about an

average of those in common use.

Whenever the hours of chemistry are divided in two

parts, the right hand portion repre.sents elective work

and is not necessarily chemistry.

In Diagram 2, the first four lines represent the

courses at present in the Massachusetts Institute of

Technology and in the universities of Michigan, Wis-

consin and Purdue. These are somewhat similar in

the balance of subjects and perhaps represent a happy

mean The percentages of total lime are shown in

Table IV.
'

'^'

The courses represented by the last four lines in

Diagram 2 can not be so easily arranged. Not only

TABl.K. n.—CHF.MIC.\L E^'•GINEERING. ACTUAL HOURS PER WEEK
University

Illinois. Pa. State. of Pa. Columbia.
Rec. Lab. Rec. Lab. Rec. Lab. Rec. Lab.

English 6 ... 13 ...

Language 8 ... 15 ... 12

Economics 6 ... 14 3

Letters 20 ... 42 ... 24

Mathematics 1-j ... 2ii ... 18 . . . 13 . .

.

Physics 4 Id 7 4 7 4 12 . .

.

General science... 4 6 2 6

Scienc e 23 16_ 27 4 27 -1 _ 27 _ 6

Drawing 2 17 ... 12 4 20

Shop 7 ... 12 ... 7

Mechanics .8 3 7 4 17 . . . 12 6

Mechanical engi-
neering 3 li 12 ... 10 6 10 12

Electrical engineer-
ing 6 15 12 4 3

Civil engineering 2 10

Engineering . ._^. .^11 9 _ 27 43 45 _42 41 58

General ch emistry . 5 8 6.5 5 6 12 6 . . .

Qualitlurv7 analysis 1 1 ... 7.5 10 18 4 13

Quantitative analy-

sis . 4 20 2 16.5 12 18 8 24

Organic chemistry. 6 12 2 ... 8 20 10 18

Indus, chemistry.. 14 30 11 :36 7 17 38 22

Inorganic chemistry ...

Theoret. chemistry 2 6

Chemistry 30 77 21.5 65 45 91 66 77

Elective theses.... 2 4

Totals ^.iS 106 117.5 112 141 137 134 141

sion of all work in language or econoinics. the sched-

ule being entirely of a technical character. The wis-

dom of this is doubtful. It is but fair to say that a col-

legiate prc])nration is rec(^mmended and that the regu-
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l;n' ici|uin.Mm'iUs lor ailmis>ion t(i tlic >ch(Kil include

considerable language and history.

In institutions for the Middle West, it is necessary

tor a well-balanced education that literary training

should form a considerable part of the teclinical

courses.

Cornell, Worcester and Minnesota have not been in-

cluded in the list. At Cornell there is no course in

chemical engineering as such. A special course in

chemistry allows the student to take a small amount

—Clock Hours—
ZO AO 60 so 100 120 \40 160 ISO

Diagram 1.

of engineering work, amounting to about 20 credit

hours for the entire course. Similarly, students in me-

chanical engineering may take certain electives in

chemistry covering 10 or 12 credit hours.

.\t Worcester, a fifth year, leading to the degree of

chemical engineer is added to the regular course in

chemistry and is made up almost entirely of mechanical

and electrical engineering subjects.

At Minnesota there is a five-vear cour>e in applied

chemi.strv.

TABLE III.

Letters. Science. Eng'g.

Michigan 14.7 20.6 21.3

Massachusetts Institute IT. I 19.3 ihM
Wisconsin !).4 2l).0 31.3

Purdue 19.!) 21.8 2li.2

.\vcrage 1'").3

Or, in round numbers lo

20.4

20

25.9

Chem.
43.4

38.0

39.3

32.1

38.4

40%

The work at the three institutions last named can

not consistently be compared with tlie four-year

courses shown in the tables.

-\DMINISTR-\TI0N.

The location and administration of courses in chem-

ical engineering vary so widely that no general state-

ment can be formulated as may be seen by reference

to Table \'

.

The tendency seems to be to regard this course as

belonging with the engineering courses in the school

or college of engineering. On the other hand, it is

usually administered b\ a chemist. At Michigan,

Wisconsin and Columbia he is to all intents and pur-

poses a chemical engineer, if we may judge by his title.

CONCLUSIONS.

The chemical engineer occupies a different field from

that of the analytical chemist and requires a different

training. The analytical chemist, as employed for in-

stance, in the manufacture of iron and steel, is usually

a subordinate ; he examines the product and determines

its good or bad characteristics but has little or nothing

to do with the management of the business or the su-

perintendence of the processes of manufacture.

r)n the other hand, the chemical engineer in a ce-

ment or an acid factory may well be the superintend-

T.\BI.F. IV.

Letters. Science. Eng'g.

Illinois 15.5 22.5 11.6

Pennsylvania State 25.8 17.8 27.0

University of Pcnn.sylvania. . . . 12.3 14.8 31.8

Columbia 15.3 33.6

Chem.
50.4

29.4

41.0

51.1

ent or works manager and must be competent to direct

the mechanical as well as the chemical processes of

20

—CREDIT HOURS—
40 60 80 100 120 MO 160 ISO

Michigan

Mass INST.

Wisconsin|''~t

Purdue

Illinois

PenhStai

U. OFPen

Columbia

LIT. SCI. ENG. CHEr

Diagram 2.

manufacture, to buy and maintain machinery and to

hire and discharge men. lie must then have a fair

table v.

Course in C
Institution. School or College

Michigan Engineering.

Mass. Institute. ...Chemistry.
Wisconsin Engineering.

Purdue Engineering.
Illinois Science.

Pa. State Natural Science.

University of Pa. .Engineering.
Columbia Mines, engineering

chemistry.

hemical Engineering.
.\dministrator.

Professor of chemical
engineering.

Professor of chemistry.

Professor of applied

electro-chemistry.

Professor of cliemistrv.

of
of
of
of

Professor
Professor
Professor
Professor

chemistry,
chemistry,
chemistry,
industrial

chemistrv.

engineering training in acUUtion to a working knowl-

edge of technical or industrial chemistry. His course

in college must not be narrow but broad and general
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and it is better that the course be administered by a

chemical engineer, one who is entirely competent him-

self to fill the positions for which he is trying to fit the

student.

No attempt has been made in this paper to discuss

the technical details of the work either in chemistry

or engineering. Perhaps some difference of opinion

may exist as to the proper place of subjects such as

electro-chemistry, but in this analysis everything has

been credited to chemistry which involves chemical

knowledge and manipulation.

As most of the material herein used has been taken

from current catalogs, some mistakes may have oc-

curred, but it is believed that the relative proportions

have been preserved. It is hoped that attention may be

called to any mis-statements or inaccuracies as the sole

purpose of the paper is to bring out facts as a basis

for discussion.

ON THE MEASUREMENT OF VERY SMALL
GAS PRESSURES.^'

By C. F. HALE.t
The extension of studies of the phenomena in rari-

tied gases to the region of very low pressures has made

increasingly important the development of manometers

whose indications of pressure are not dependent upon

the use of mercury. Thus, with the modern rotary

pump it is a relatively simple matter to evacuate glass

vessels to a pressure of o.oi mm. mercury, but if a

McLeod manometer is employed to measure the

residual pressure, the mercury in it contributes about

lo per cent to the total pressure, and, furthermore,

the manometer does not indicate the pressure of the

vapor which it contributes ; its reading is the partial

pressure due to other gases, and not the total pressure.

In some experimental work, too, it is imperative that

mercury vapor be excluded from the apparatus.

During the last few years a number of non-mercury

manometers have been described in the literature.

Ladenburg and Lehmann' have applied the Bourdon

Spiral to the measurement of small changes in pres-

sure, and later it was employed by Johnson- in the

investigation of dissociation phenomena with am-

monium chloride. This manometer consists in a flat

tapered glass tube, bent into the form of a spiral. The

wider end of the tube is directly connected to the sys-

tem, the pressure of which it is desired to measure,

while the smaller end of the tube is drawn down to

capillary dimensions and sealed. To protect the spiral

and to promote the accuracy of the instrument it may
be enclosed in a vessel which can be more or less ex-

hausted and maintained at constant pressure. Changes

of pressure within the spiral cause a movement of the

capillary end of the spiral, and this displacement may
be magnified by a stylus or a mirror. The sensitiveness

•Paper prepared for the Twentieth General Meeting of the
American Electrochemical Society, in Toronto. Canada, Sept.
21-2.3, 1911.
tResearch Laboratory. General Electric Co., Schenectady. N. Y.
»Verh. d. d. phys. Ges.. 8, 20 (190G).
•"Z. phys. Chem., 61, 457 (1908).

of the instrument may be considerably increased by

using glass tubing with thinner wall, by increasing the

number of turns in the spiral and by increasing the

diameter of the turns.

Another manometer, which likewise depends upon

the mechanical effect produced by changes in pressure,

has been devised by Scheel and Heuse.^ This instru-

ment consists of two chambers, separated by a copper

membrane. One of the chambers is maintained at con-

stant pressure, while the other is connected with the

system which is under observation. The deformation

of the membrane under the pressure difference is

measured by Fizeau interference bands.

Hogg'' has shown that a vibrating disc serves ad-

mirably as a manometer for the measurement of low

pressures, and that the decrement is connected with the

pressure by a simple equation, for pressures below o.i

mm. down to 0.000016 mm. when the gas in the appa-

ratus is hydrogen.

Dewar''' has employed Crookes radiometers in the

study of very low pressures, and more recently Knud-

sen" has made use of radiometric forces in developing

an absolute manometer which has been shown to be

very reliable at pressures of the order of o.oooi mm.
Quite different in principle is the manometer sug-

gested by Pirani.' This instrument depends for its

ability to measure pressures upon the fact that at low

pressures the heat conductivity of gases is a function

of the pressure. It is only necessary, therefore, to ob-

serve the effects of varying heat dissipation, with

pressure changes, upon some source of heat within the

vessel undergoing evacuation. Pirani has accomplished

this by connecting to the system an ordinary tantalum

lamp. The wire in this lamp was heated by a constant-

voltage current. As the pressure in the system was

decreased more and more, the heat lost by conduction

through the gas was continually decreased ; conse-

quently the temperature of the wire mounted steadily,

and, with the temperature, the resistance of the wire

increased, thereby cutting down the current. One had

then only to calibrate ammeter readings against the

indications of some form of manometer. A better in-

strument was obtained when the tantalum wire was

replaced bv platinum, and the wire was clamped tightly

to the anchor wires in order to keep constant the heat

loss through the supports. With the improved instru-

ment two other methods were used in following the

changes in energy loss by conduction through the gas.

In order to control the resistance, and consequently the

temperature, of the wire, the platinum manometer-

lamp was connected into a Wheatstone bridge. One

could then follow changes in energy loss by either of

two methods.

(a) The wire could be maintained at a constant

temperature, and the energy required at dififerent pres-

sures could be recorded.

'Ber, d. d. phvs. Ges.. 1909. 1-5.

'Phil, Mag.. 19, 376-390 (1910).
r'Proc. Rov. Soc. A SI. 2S0-2S6 (190S).
«Ann. d. Phvs. IV. 32, SOD (1910).
'Ber, d, d, phys. Ges., 1906. 686.
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(b) The currciu in the wire could be maintained

constant, and record could be made of its resistance at

<lifferent gas pressures.

In order to compensate for the eflfect of changes in

room temperature upon the resistance of the mano-
meter, Pirani suggested the use of a duplicate of the

instrument which could be exhausted and sealed at

a pressure in the region where most accurate measure-

ments were required. This duplicate was then sub-

stituted for the resistance coil in the arm of the bridge

in series with the manometer.

In simplicity both of construction and of operation,

involving only current and resistance measurements

within the range of instruments readily accessible, the

Pirani manometer recommends itself at once. How-
ever, in point of sensitiveness to pressure changes it

is somewhat disappointing. \\'ith the most sensitive

arrangement described in Pirani's paper, it would
scarcely be possible to follow, with accuracy, pressures

lower than 0.0002 mm. or possibly o.oooi mm., since

the change in pressure from 0.0014 mm. to 0.00007

mm., as registered by a McLeod manometer, gave a

change of only six divisions upon the chosen scale.

However, certain theoretical considerations led the

writer of this paper to believe that the sensitiveness

of the resistance manometer could be considerably in-

creased. It is obvious that the apparent sensitiveness,

i. e., the change of resistance for a given change in

pressure, could be increased simply by increasing the

total resistance of the manometer, without in any

way altering the real sensitiveness. A little reflection

will make it clear that, in comparing manometers as

to sensitiveness, one must take account not only of

the number of units change in resistance for each unit

change of pressure, but also the relation that this

change bears to the total resistance of the manometer.

For instance, one of the manometers constructed in

the course of experiments in this laboratory was found

to have a total resistance of 264 ohms. A change

of pressure amounting to o.ooi mm. of mercury caused

a resistance change of 2.73 ohms in this manometer,

while in another manometer, whose resistance was 129

ohms, the change was 1.92 ohms for the same change

of pressure. Expressed in percentage of the total

resistance, these changes amount to 0.78 per cent and

1. 13 per cent per o.ooi mm. change in pressure, and

the latter manometer would be considered the more

sensitive in the meaning of the foregoing definition.

It will be clear that the sensitiveness of the mano-

meter, since its indications of pressure variation are

dependent upon the changes in dissipation of heat bv

conduction through the gas, will be affected by condi-

tions that will tend to make this dissipation of heat

larger in comparison with the heat loss by direct radia-

tion and by conduction along the supports and anchors.

Thus the relation of the gas conduction loss to the

loss of heat by direct radiation will be different, ac-

cording to the temperature reached by the wire of

the manometer. Also the relative amounts of heat

lost by conduction through the gas and by conduction

through the anchors employed to hold the wire in

place will be subject to variation with different sizes

of anchors and anchors of different materials, as well

as their number. The heat loss by conduction though

the gas may of course be increased by conditions which

would give a steeper temperature gradient between

the wire of the manometer and the enclosing bulb.

This steepening of the temperature gradient may be

brought about by (A) increasing the difference in

temperature between the wire and the bulb; (B) de-

creasing the distance from the wire to the bulb. Again,

one would use an enclosing bulb having thin rather

than thick walls, thus facilitating the dissipation of

heat through the gas. As was to have been expected,

the temperature coffiecient of resistance of the wire

XI P\

Fig. 2.

used has an important eft'ect upon the sensitiveness of

the manometer.

These factors, together with questions regarding

the form of the filament, whether the wire should be

straight, crimped, or wound into spirals between

anchors, and the most favorable size of wire, were

made the subjects of careful experiments. The mano-

meter described in the following paragraphs embodies

the results of these experiments. The structure of

the manometer is shown diagrammatically in Fig. i.

A piece of pure platinum wire, 0.028 mm. in diameter

and 450 mm. long, is mounted upon a glass stem carry-

ing two radial glass supports near the top and three

at the bottom. The wire is anchored to these radial

supports by means of short pieces of platinum wire

0.052 mm. in diameter. The anchor is fused into the

radial supports at one end, and the other end is made

fast to the manometer wire either by an arc weld or

by a tiny glass bead. The leading-in wires at L, to

which the ends of the manometer wire are welded,

are of platinum, 0.31 mm. in diameter. All of the
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platinum wire employed in making the manometer

was drawn from the same lot of larger wire and was

assumed to be of uniform purity. The temperature

coefficient of the manometer wire was found to be

0.00376 per cent ])er degree. The platinum leading-in

wires are joined to heavy copper leads (diameter i.i

mm.) by welded Joints, and these joints are fused

into the stem as in electric lamps. The stem is sealed

into a tubular hul'i 3.2 cm. in diameter and 11.4 cm.

long. This size nt bulb is ea^ily obtained, since it is

the size regularK- used for 50-watt tubular lamps,

such as are comnnmK employed for galvanometer il-

lumination. -Kt S i< a tube by which the manometer

is connected with the system whose pressure is being

studied. The upper end of the stem T is considerably

elongated to permit the complete immersion of the

manometer in a constant temperature Iiath, whose tem-

perature was approximately 0° C. This stem tube is

made of sufficient length to leave 13 cm. of it above

the level of the bath, a ])rovision which we found to

be necessary in order to avoid the condensation of

atmospheric moisture upon the top of tlie tube and

Fig. 3.

the leading-in wires during humid weather. For elec-

trical insulation this tube is packed with purified dry

asbestos wool.

The compensator is, as nearly as possible, identical

with a manometer, except that the side tube is

omitted. A diagram of the electrical connections used

with the manometer is shown in Fig. 2. The mano-

meter and compensator form two arms of a Wheat-

stone bridge, the other two arms being Rj, a well-

aged coil of manganin wire, whose resistance is 925.6

ohms, and R.,. a decade plug box containing 10,000

ohms. The coil R, is imbedded in ]nire paraffine, free

from acid. The galvanometer employed had a resist-

ance of 104.8 ohms and a sensibility of 75 megohms
and 0.013 microamperes per millimeter on a scale

placed one meter away.

A position of the ammeter, .-\m, in the circuit should

perhaps receive exijlanatory comment. The current

which it is desired to control is that llowing through

the branch of the bridge containing the manometer and

compensator, and the natural place for the ammeter

is in that branch. However, the presence of the am-

meter in that part of the bridge would be a source

of error on account of the variation of the resistance

of the meter with changes in room temperature. On
the other hand, placing the meter outside the bridge

is open to the objection that the total current is meas-

ured, and not the current flowing through the branch

containing the manometer. However, the distribution

of the current "between the two branches of the bridge

will always be the same when the bridge is balanced,

so that by maintaining a constant total current through

the ammeter, the current in the manometer and com-

pensator is likewise constant. The strength of the

current used in all of the experiments recorded in

this paper was 0.00925 amp., which was sufficient to

raise the wire in the manometer and the compensator

to about 125- at the lowest pressures. This current

was drawn from a storage battery of five cells, and

was controlled by the resistance R3. The milliammeter

employed was very sensitive, one scale division being

equal to 0.0000667 amp-

The manometers are calibrated against a McLeod
manometer, the resistance readings of the former being

plotted against the pressure readings of the latter.

The arrangement of apparatus for carrying out the

calibration is shown diagrammatically in Fig. 3. At

the right is a McLeod manometer M made of Ger-

man glass. The capacity of the bulb of the manometer

is 400 c.c, while the diameter of the capillary is 0.7

mm. and its length 13 cm. This ratio of capillary

to bulb gives a difference in level of mercury surfaces

amounting to 3.4 mm. for a pressure of o.ooooi mm.
in the system. At R is the resistance manometer,

about 80 cm. distant from the McLeod, the two mano-

meters being connected by tubing whose internal diam-

eter was 8.0 mm.
The apparatus was exhausted through E either by

means of a rotary oil pump or by means of a mercury

pump of the Topler type. At P and P' are two tubes

containing phosphorus pentoxide, which serve to keep

the apparatus free from water vapor. The traps at

A, A' are immersed in liquid air, and prevent mer-

curv vapor from entering the resistance manometer,

and the trap at A" prevents oil vapors from the pumps

reaching the McLeod manometer.

The resistance manometer and compensator are im-

mersed in a water bath B. which contains about 10

liters. The water is kept vigorously stirred by a

propeller actuated bv an air turbine. Within the tank

is suspended a wire cake about 7 cm. in diameter and

20 cm. long, and this cage is kept filled with cracked

ice during an experiment. This method of obtaining

a relatively constant low temperature bath proved to

be an easy one.

The procedure followed in preparing and calibrating

a manometer will now be outlined. Compensators

were prepared in duplicate by attaching two of the

manometer-lamps to the exhaust apparatus, already

described. Thev were enclosed in an electricallv



November, 1911. THE CHEMICAL ENGINEER 445

heated oven and baked at 360° C. for at least eight

hours, the pumps being in continuous operation. Suffi-

cient current was sent through die manometers to

raise the temperature of the wire somewhat above

that of the oven, aUhough its temperature was ahvays

below red heat. Toward the end of the exhaustion,

liquid air baths were adjusted to the traps (A, A'

and A", Fig. 3), and the exhaustion continued to

0.00002 mm. by means of the mercury pump alone.

The ovens were then removed and the pressure kept

at that point until the compensators were cool enough

to be sealed off from the apparatus.

Another manometer was now attached as shown at

R (Fig. 3), and baked and exhausted for at least

an hour without liquid air baths ; then the oven was

removed and the manometer allowed to cool. Liquid

air baths were readjusted, in the order A", A', A,

and then the ice bath was put into place. This order

was adopted after we had experienced some trouble

with the condensation of traces of mercury in the re-

sistance manometer, and it was found to obviate the

difficulty entirely. Probably the trap at A is not neces-

sary ; no trace of mercury appears in it except when
the liquid air baths have been in place 8 or 10 hours.

The compensators were now put into the bath and

the electrical connections were made in accordance

with the method already described. By operating the

mercury pumps or by admitting air, purified by bub-

bling through strong caustic potash solution, over

solid caustic potash, calcium chloride and phosphorus

pentoxide, the pressure in the apparatus was brought

to the point at which the calibration was to begin,

usually between 0.005 ^nd o.oio mm. As soon as

the system had come to equilibrium, as indicated by

cessation of resistance changes in the manometer, the

resistance was recorded and the pressure read on the

McLeod manometer. A few strokes of the mercury

pump served to give a new resistance reading and a

new pressure, the process being continued until a pres-

sure between 0.00003 ^"d o.ooooi mm. was reached.

The resistance readings obtained are, of course, not

the actual resistances of the manometer, for the reason

that the ratio arms of the bridge are not exactly

100: 1,000, but about 90 to 925, and the ratio varies

somewhat, of course, with different compensators.

However, it is not of importance to obtain actual re«

sistances, since the indications of the manometer were

always observed with the same electrical system.

A few sample calibrations chosen at random from

a large number of manometers are given above in

Table I and are plotted in Figs. 4, 5, 6. The curves

for the lower pressures, from o.oooi mm. down, are

plotted on the upper half of the chart, the scale being

ten times that of the lower half. The slope of the

curve shows that for each change of pressure amount-

ing to 0.00001 mm. the resistance changes more than

0.02 ohm, and as resistances can be measured to one

part in 10,000 with a well-made Wheatstone bridge, it

seems not unwarrantable to conclude that, with the

apparatus described, we should be able to detect and

measure changes of pressure of the order 0.00001 mm.
and to follow exhaustion down to a pressure of the

order 0.00001 mm. The absolute values of the pres-

sure are not obtained directly from the calibration

curves, owing to the fact that the resistance manom-
eter is at 0° C. and the McLeod manometer is at room
temperature. The values may. however, be calculated

in accordance with the formula derived by Knudsen,'

Pi_ If;

P2 XTz'
Where Pi and po are the pressures, at equilibrium,

in two vessels connected by a tube whose diameter is

vanishingly small as compared to the mean free path

of the molecules of the gas contained in the system'
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mm. this factor is of some importance, but it may be

neglected at pressures lower than this.

Some observations have also been made to deter-

mine within what degree of accuracy the readings of

the manometer from day to day may be relied upon.

As a means of checking the system as a whole we have

found the use of two compensators a good working

method. The two compensators are immersed in the

"n"/>

° 7J- 74 77 7T'7/ « / fs- l> If il^irn It It f' f' fi ft h ^.rf^ f; M If m m 'W

Fig. 4.

bath, one being connected into the bridge in the place

usually occupied by a manometer, the usual current is

sent through the apparatus, and when equilibriumi is

estalilished. the resistance is recorded. Then the places

of the two compensators are interchanged and the

equilibrium resistance obtained as before. These two

observations would enable us to detect any trouble in

the bridge instruments and in the compensators. We
have obtained readings with two compensators over a

period of several weeks in which the maximum vari-

ation in resistance was o.oi ohm.
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readings of a manometer, which has been calibrated in

air, would, with pure ]i\dro£;cn, lead to an error of

from 20 to 25 per cent of the real pressure. Experi-

ments with other jjases have not yet been carried out,

but one mav estimate wliether the effect would be

CENTRIFUGAL PROCESS OF ZINC-COAT-
ING.

/"".Z' 7t II It i' '' ''- " « ir « '/ ft~>iT> fi f, fj ff fj-ftij fi ff /«,w«rij

rlesi&tanc&

Fig. 7.

greater or less than that of hydrogen, by reference to

the recent work of Soddy and Berry,'' upon the con-

ductivity of rarefied gases.

It is hoped that further data concerning a number
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THE RECOVERY OF BENZOL FROM COKE-
OVEN GASES.

It has been known for manv years that ordinary

coal gas contains proportionate!}- large percentages of

benzol. The rapidly increasing demand for this prod-

uct by the aniline trades has caused many inventors

to attempt to discover means for the extraction of the

benzol contained in the gas evolved in the produc-

tion of furnace coke in by-product ovens. In a recent

issue of the Iron and Coal Trades Rei^ictv of London,

England, Mr. D. Bagley of Bagley, ^UWs & Co., Lon-

don, describes some of the methods that have been

employed. The following matter has been taken from

Mr. Bagley "s article:

The discovery of benzol in coal tar is attributed to

A. W. Hoffman, about the year 1845, while its separa-

tion was entrusted to Hoffman's pupil, Charles Mans-

field, who eventually carried out the process on a large

scale, the principle of the separation of the various

liquid hydrocarbons being the usual system of

dephlegmation, previously used for the rectification

of spirits of wine. The huge aniline dye industry owes

its inception to the successful production of this

product.

The rapidly advancing demand for benzol for the

aniline trades stimulated the attempts of inventors to

discover means for the extraction of the benzol con-

tained in the gases evolved in the production of fur-

nace coke in by-product ovens. Seeing that in some

cases the yield per ton of dry coal is over 23/2 gals.

—

exceeding that contained in the tars derived from the

like quantity of coal, generally not exceeding 5 per

cent of the volume contained in the coal gases from

the unit referred to—and that the removal of this

benzol may be effected w-ithout unduly affecting the

heat volume of the gases used for heating the ovens,

it was natural that attempts should be made to recover

this product. Various methods were suggested and

tried. By cooling the coal gases to —70° C, benzol

will separate in the liquid form, but the obvious diffi-

culties of employing this method on a practical scale

and the high cost associated therewith preclude its

adoption. Another system, that of attaining the sep-

aration by means of compression of the gases, was

found to be equally impossible.

As it was well known that the heavier oils obtained

from the distillation of coal tar possessed the proper-

ty of absorbing benzol from coal gases, and that by

this medium a simple and practical means of recov-

ering the benzol from coke-oven gases was available,

the idea was made use of and formed the subject of a

patent in England in 1884 by Carves, who successfully

applied the process to his own ovens. Others, notably

Brunck and Huessener, worked upon the same prin-

ciples, the latter using a lighter oil as his absorbent,

containing no naphthalene when cooled to 0° C, and

distilling between 160° C. and 210° C. His process

involved the use of cooling plant for cooling the ab-

sorbing oil down to 0° C, and in practice a yield equal

to 93 per cent of the benzol contained in the gases

was attained.

Today the recovery of benzol from coke-oven gases

is generally, perhaps exclusively, effected by means

of liquid absorbents. The degree to which the cooling

of these absorbents shall be carried after separation

of the benzol in the separating column remains a mat-

ter of argument. If the cooling is to be carried be-

low atmospheric temperature, then special refrigerat-

ing appliances must be employed, necessitating an in-

creased capital expenditure, and obviously a rather

more complicated system of operation than if the oil

be cooled down merely to near atmospheric tempera-

ture. As it is possible to extract the like quantity of

hydrocarbons from the coal gases by means of ab-

sorbent oils not subjected to special refrigeration, this

system would appear to possess advantages over any

system which requires refrigerating apparatus for

cooling the oils prior to their use as absorbents in the

gas scrubbers or other vessels.

The two most important parts of the complete ap-

paratus fof the recovery of benzol are the gas scrub-

bers and the separating columns for separating the

benzol from the absorbent. Obviously the former

must be so proportioned and arranged as to provide

the maximum of contact between absorbing oil and

gas to ensure the best results, as it must be remem-

bered that the affinity of the oil for the benzol is con-

siderably less than of water for ammonia. As con-

cerns the separating column, this must be capable of

continuously separating the benzol and absorbent, and

the separation must be complete if losses are to be

avoided. The great difficulties attending the construc-

tion of this part of the plant to ensure these peremp-

tory conditions will be better appreciated by the dis-

tiller.

Until very recently British practice—and then only

on a relatively small scale—was almost entirely con-

fined to the production of crude benzol, the buyers

usually specifying that 65 per cent should distill over

at 120° C. A little consideration will show that the

market for this product is an extremely narrow one,

and that the producer is more or less tied to pur-
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chasers possessing the apparatus necessary for its rec-

tification and the production of standard products hav-

ing a much wider sphere of usefuhiess.

Further consideration discloses the fact that the

producer has facilities generally very much more fa-

vorable for the production of finished products at

his own works, quite apart from the above. As by
this means his net results are considerably enhanced,

it appears curious that so little should have been at-

tempted in Great Britain, notwithstanding the twenty-

five or more years' lead given by Germany. The an-

swer will probably be found in the desire of most by-

product coke oven owners to limit their chemical ac-

linghausen, Germany, the principal of that firm hav-

ing devoted many years to the improvement and sim-

plification of benzol recovery and rectification plant.

Probably over 90 per cent of the benzol plants in con-

nection with coke ovens in Germany have been erected

by this firm.

The ammonia-freed and cooled coke-oven gases

from the pressure main A, Fig. i, ascend two of the

oil scrubbers B in series. These scrubbers are pro-

vided internally with specially shaped and arranged

wooden hurdles to insure the uniform distribution of

the oil, fed from a number of sealed sprays situated

in the top of the shell. The most intimate contact be-
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Fig. 1.—Plan and Elevation Showing General Arrangement
of Carl Still Plant.

tivities. A trade specification for 90 per cent, of pure,

benzol, or toluol, or even solvent naphtha, is not cal-

culated to encourage the cautious colliery agent to ex-

tend his operations into unknown fields. But, with

modern plant, the advancing of crude benzol to these

products and the fullfilment of the tightest specifica-

tion extant occasion no special skill, the operations be-

ing attended with less difficulty than the production of

sulphate of ammonia. No one nowadays would think

of disposing of crude ammoniacal liquor. The pro-

duction of sulphate is a simple matter, the markets are

world-wide, and the profits from the manufacturer are

a prime factor in the cost of furnace coke.

A description is given below of a complete plant

according to the system of Messrs. Carl Still of Reck-

tween gases and oil is a peremptory condition of op-

eration, if the best results are to be attained. The oil

flows in center stream to the gases, and, if the scrub-

bers be worked in series, the partly enriched oil from

the first scrubber is pumped to the second scrubber.

The unsaturated and partly saturated oil is stored in

the tanks C and is pumped to the scrubbers by belt-

driven plunger pumps D, regulated by a by-pass.

Usually one pump is provided for each scrubber, with

a reserve capable of feeding any number of the scrub-

bers. The saturated and rich oil from the scrubbers

gravitates to the storage tank E. The separation of

the oil and benzol is effected in the primary separating

column F. This column is served by the pump G,

which draws the rich oil from the storage tank E and

forces it through the hot-oil coolers K, and a worm
situated in the condenser H, the object being the ab-

straction of the useful heat from the hot oil flowing

from the separating column, and the distillates. The

rich oil is then forced through the pre-heaters I, pro-

vided with steam-heated worms, which bring it to the

proper temperature for separation prior to entering

the separating column F. Special arrangements are

provided for the prevention of the frothing over of

the heated rich oil in the heaters, which forms a dis-

tinctive feature of the apparatus, permitting continu-

ous operation of the separating column. The heated

rich oil flows in a downward direction through the

separating column, where it is subjected to the action

of live steam, finally effecting the separation of benzol

and oil. The benzol vapors and steam issue from the

top of the column, and are condensed in the condenser

H, the lower portion of which is arranged as a sep-
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arator for water and benzol. The crude benzol flows

to the storage tank J, and the condensed water is re-

turned—if needed—to the water storage tank. The

now unsaturated oil passes from the separating col-

umn to the oil coolers K, a part of its useful heat be-

ing employed for raising the temperature of the rich

oil, and eventually returns to the storage tank C. It

will be noted that the oil is in practically continuous

circulation through scrubbers, separating column and

coolers.

The product at this stage consists of crude benzol.

55 per cent to 6o per cent distilling over at 120° C,

according to the hydrocarbons of the benzine series

contained in the oven gases. From the storage tank

J, the crude benzol is pumped to the primary still M.
This still is fitted with a special column and dephleg-

mator, and is heated by direct and indirect steam con-

trolled by valves capable of extremely fine regula-

tion. The controlling instruments of this still are so

arranged that an ordinary workman can regulate the

working, which divides the crude product into the de-

sired number of fractions for producing pure 90 per

cent toluol, xylol, and solvent and heavy naphtha.

Any heavier products, such as naphthalene and creo-

sote oil, gravitate from the still on the conclusion of

the distillation to separating pans L, and are there

recovered in marketable form. The fractions are con-

densed in the condenser N, fitted with water sepa-

rators, each fraction flowing to separate storage tanks

for unwished products, O. The unwashed products

are pumped separately to the washer P. This washer

consists of a cylindrical vessel constructed of acid-

proof material, fitted with a central agitator. The
washing process has for its object the removal of

impurities, the nature of which it is not proposed to

describe here. First, the benzol product is treated

with strong sulphuric acid, admitted to the washer

from a special measuring tank fed from the acid

storage tank. The acid is removed, and the product

then treated with water, and afterward with a solu-

tion of caustic soda, to remove all traces of acid. For

the removal of acid, water, or caustic solution, a sep-

arator is fitted underneath the washer, in order that

any slight quantities of benzol or benzol product

escaping with these purifying agents may be recov-

ered and returned. A large storage tank is provided

for the washed products, so that a sufficient quantity

may be stored to fully charge the still, which may be

working while the washing is proceeding.

From this storage tank, the final still R is charged

with the product to be rectified. This still is similar

to the primary still M, but the dephlegmator is of a

special description for producing extremely fine frac-

tions to insure compliance with the most exacting re-

quirements of consumers. The heating arrangements

are also similar to the primary still, the same fine

steam regulation being a feature for efficiently con-

trolling the distillation. Here again, no special skill

is necessary, owing to the simplicity of control. The

condensates are condensed in the condensor S. At

this stage a tank, divided into a number of compart-

ments, is provided for the preliminary reception of

the finished products. This provides a means of ef-

fecting any corrections prior to passing the rectified

and finished products to their respective storage tanks.

The washing acid is not wasted in the Still system.

After leaving the washer, the tarry acid flows to acid-

proof vessels, where it is regenerated and any solid

products removed. It is then quite fit for use in the

ammonia house, and has no deleterious action upon

the salt : indeed, its addition to the acid in the sat-

urator is attended with beneficial results. Thus a

nuisance is avoided and a source of profit created.

The consumption of steam in the entire plant is

extremely low, owing to the inclusion of every avail-

able means for utilizing the waste heat in the distil-

lates and hot oils. The power required to drive the

belt-driven pumps is approximately 15 hp. for a plant

having a capacity equal to the gases from 150 ovens.

It is usual to ship the bulk of the finished products in

galvanized drums, each holding about 100 gal.

There are many patented and entirely novel features

in the installation, to which prominence may not be

given in this description. But the combined eflfect is

to enable the whole to be controlled without trained

chemists, with the minimum of labor, s.team and

power, and yet to produce products complying with

the more arbitrary trade requirements, thus insuring

a ready market.

Naturally, the market outlook for the various

products is a matter for consideration. Fortunately

an assured future for the finished products may be

predicted. But as regards "crude"' the maker pos-

sesses hardly one tithe of the channels for disposing

of his product compared with the manufacturer of

pure, washed nineties, toluol, xylol, solvent, and heavy

naplitha. Some time ago attempts were made to in-

troduce "crude" as a motor spirit. It can hardly be

said to have proved a success. Containing many im-

purities chemically inert, its vaporization at ordinary

temperatures was attended with difiRculties, the deposi-

tion of carbonaceous residues on the working parts of

the motor was a constant trouble, and the higher effi-

ciency expected by increased thermal value volume for

volume with petrol was hardly ever attained in prac-

tice. Now, with a properly constructed and arranged

rectifying, plant, the production of a motor spirit suit-

able for any temperature is possible, the constituents

of which may be changed at will for abnormal cir-

cumstances. To enumerate the various pure commer-

cial products obtained from crude benzol

:

Pure Beiicol.—This product is largely used in the

manufacture of aniline dyes, and is the base of a

numerous array of such products. It is also used as

a solvent and in the production of very fine varnishes.

Ninety per cent Benzol.—The prefix "go per cent"

is used to denote the fact that 90 per cent will distill

over at a temperature of 100° C. This product, like-
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wise, is largely consumed by dye manufacturers, but

its principal use would not appear to be as a motor

spirit, for use in internal combustion engines. As the

principal component of crude benzol, the increasing

demand in this direction is one of the most favorable

and promising features. Used almost exclusively in

Germany, and as the preponderating constituent of

motor spirits in France, and other countries, it has

found favor in Great Britain, and is likely to be in

still further demand. Tests made by the writer with

a specially prepared quality of benzol fully proved its

superior efficiency as compared with petrol. These

tests were carried out on a 40-b.h.p. four-cylinder

water-cooled motor, fitted with standard apparatus for

determining the power developed. The conclusion

was, that by adopting proper means for carbureting

the air, quite 20 per cent less benzol was used than

0.740 petrol for a given output. These tests were

further proved by practical road tests. Other uses

are as a solvent, for gas enrichment, dry cleaning, etc.

Toluol.—This product, again, enters largely into the

manufacture of aniline dyes, and is used in the prep-

aration of explosives. The percentage in crude benzol

varies, but the demand easily absorbs the quantities

produced.

Xylol, Solvent and Heavy Nat^htha.—These prod-

ucts may be considered together. They form a relative-

ly small quota of the products from crude benzol, nev-

ertheless the demand for these articles is easily suf-

ficient for the make. Xylol and solvent naphtha are

extensively used as solvents in the rubber industry,

while among the uses for heavy naphtha is that of an

illumiiiant, and for enriching certain gases.

The above brief descriptions do not pretend to de-

note all the uses to which the refined products from

crude benzol may be put. There are a variety of other

uses, and these are being periodically augmented. It

suffices to show that the ability to dispose of the fin-

ished articles at remunerative prices is a real factor

in the situation.

It may be argued that increased production abroad

will curtail the Continental demand. This is hardly a

market view. During the last nine months, with an

increasing output, prices have consistently hardened,

excluding solvent naphtha, which already commands

a fair valuation.

As an economic factor in the production of furnace

coke, the recovery and rectification of benzol plays an

important part. Probably this phase of the situation

appeals to the owners of coke ovens. Although no

hard and fast net result per ton of coke made can be

stated, owing to the differing content in the gases from

various coals, from 25 cents to 35 cents per ton of

coke made can be achieved, after providing for all

outgoings of the usual character, so the subject from

the financial side is worthy of attention. But to in-

sure these results it may be reiterated that the plant

of whatever system must be of a proven and prac-

tical description, capable of easy control with the min-

imum of labor. These are, and have been, the essen-

tial requirements for plants in connection with coke

ovens. They will remain in force.

The following results represent a number of tests at

the New Barncepeth Collieries, which were recently

carried out with the Still benzol plant in order to prove

the guarantees given by the contractor. The results

attained far exceeded the guarantees given

:

(1) Pure Beiiol Distillation.

Charge of the still: 10..'):ij kg, crude benzol.

Result: 6,130 kg. pure benzol—58.1 per cent.

Test of quality : Within O.oO deg, C, 90 per cent distilled

over. Within 0.70 deg. C, 95 per cent distilled over.

(2) Pure Benzol Distillation.

Charge of the still: 10.377 kg. crude benzol.

Result : 7,823 kg. pure benzol—75.3 per cent.

Test of quality : Within 0.30 deg. C, 90 per cent distilled

over. Within 0.00 deg. C. 95 per cent distilled over.

(3) Pure Benzol Distillation.

Charge of the still : 10.046 kg. crude benzol.

Result : 6,781 kg. pure benzol—67.5 per cent.

Test of quality: Within 0.40 deg. C. 90 per cent distilled

over. Within 0.55 deg. C, 95 per cent distilled over.

(4) Pure Benzol Distillation.

Qiarge of the still: 10.414 kg. crude benzol.

Result : 7,653 kg. pure benzol—73.4 per cent.

Test of qualitv : Within 0.45 deg. C, 90 per cent distilled

over. Within 0.60 deg. C, 95 per cent distilled over.

(5) Pure Benzol Distillation.

Charge of the still : 10.297 kg. crude benzol.

Result: 8,122 kg. pure benzol—78.8 per cent.

Test of quality : Within 0.50 deg. C, 90 per cent distilled

over. Within 0.70 deg. C, 95 per cent distilled over.

(1) Pure Toluol Distillation.

Charge of the still: 22..571 kg.

Result: 10.208 kg.. pure toluol—45.2 per cent.

Test of qualitv : Within 0.35 deg. C, 90 per cent distilled

over. Within 0.50 deg. C., 95 per cent distilled over.

(2) Pure Toluol Distillation.

Charge of the still: 10,911 kg.

Result : 8,184 kg. pure toluol—75 per cent.

Test of quality ; Within 0.65 deg. C. 90 per cent distilled

over. Within 0.70 deg. C. 95 per cent distilled over.

.According to figures of the United States Geological

Survev, in 1910 the sales of mineral water in the

United States amounted to $6,357,590, the product be-

ing 62,030.125 gals. Minnesota was the greatest pro-

ducer, with 9.962,370 gals derived from 19 springs.

Xew York was" a close second, selling 8.780,903 gals,

from 46 springs. Wisconsin, however, obtained the

greatest income from her mineral waters, her sales

amounting to $974,366; New York was second, with

$858,635, and Indiana third, with $514,958. Minne-

sota's sales amounted to $281,000. Louisiana has only

4 commercial springs; they produced 2,313,000 gals.

Maine's output of mineral waters, from 29 springs,

decreased 277,370 gals., but on account of high prices

increased in value over 1909, the figures for 1910

being 1,238,171 gals, and $404,539. Of Wisconsin's

mineral waters, 2,151,782 gals, were used in the manu-

facture of "soft drinks." Pennsylvania has 44 springs

and produced 2.536,337 gals., valued at $221,685. The
mineral water trade continues to be prosperous, al-

though there was a decrease in output of about 4 per

cent as compared with 1909. The future outlook is

good. The importation of mineral waters in 1910 was

3,306,303 gals., valued at $<)83,i36.
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PRODUCER GAS FROM CALIFORNIA
CRUDE OILS.

In a topical discussion on fuel oil at the meeting of

the American Society of Mechanical Engineers at San

Francisco, last March, Mr. E. C. Jones contributed a

paper containing some interesting data on the making

of producer gas from the California crude oils. This

paper was as follows

:

Crude oil in California has entirely superseded all

other raw materials in the illuminating gas industry.

Some progress has been made in the manufacture of

oil gas suitable for use in gas-engine cylinders, but

practice has not yet demonstrated the economy of the

fuel. Its exact status is briefly defined in a paper by

E. C. Jones, contributed to the topical discussion on

fuel oil at the San Francisco meeting of the Ameri-

can Society of Mechanical Engineers in IMarch last,

which we reproduce in full.

"California, with its immense deposits of petroleum,

is the natural and logical field for the exploitation and

industrial use of oil producer gas. It is to be deplored

that such an important subject was first considered

by men not conversant with the manufacture of oil

gas, and in casting about for apparatus to make pro-

ducer gas from oil they naturally gravitated to the old

familiar methods of retorting the oil, and any im-

provements that grew out of these methods seemed to

have retained the objectionable features of the retort

system. Briefly stated, these objections consist of

shutdowns for the purpose of removing coke and fre-

quently for burning out accumulated soot and lamp

black. A typical analysis of gas made in this way is

:

CO,, 4.5; CO, 7.4: 6„, 0.4; CH„ 12.0; H,, 3.1; N2,

71.9; B.t.u. per cubic foot, 172: claimed thermal ef-

ficiency, 39 to 62 per cent ; actual, 55 per cent.

This gas has been applied to the operation of small

gas-engine units up to and including 100 h. p. Owing
to the abundance of petroleum in California, it has

superseded all crude material in the manufacture of

illuminating gas. To attain its present degree of per-

fection, elaborate experiments were performed for the

purpose of changing the chemical and physical condi-

tion of the gas to best adapt it to modern domestic

and industrial gas appliances.

The first oil gas manufactured on a large scale in

California had the following analysis

:

Per Cent.
Heavy hydrocarbons 6.2

Marsh gas 2-5.6

Hydrogen 62.4
Carbonic oxide 3.0
Carbonic acid gas 0.2

Oxygen 0.4

Residual nitrogen 2.2

100.00
Specific gravity 0.303

By improvements in apparatus and refinement of

operation the hydrogen content of the gas has been

reduced to less than 40 per cent ; the marsh gas has

been increased to 34 per cent : the carbonic oxide has

been increased to 9 per cent ; the specific gravity to

0.485, and the B.t.u. from 624 to 680 cu. ft. The
oil-gas generators used at present for manufacturing

illuminating gas are so elastic in their operation that

any of them can be immediately adapted to the man-

ufacture of producer gas from oil. The chemical com-

position of the gas and its heating value depend only

on the manipulation of the generator.

The writer has carried on a series of experiments

with oil producer gas, using a large generating unit,

and the only change in equipment was the use of com-

pressed air at from 35 lbs. to 40 lbs. pressure for the

injection of oil and to assist in the partial combustion

of the oil. During these experiments producer gas

was made having a tliermal value as low as 103 B.t.u.

per cubic foot, and as high as 482 B.t.u. per cubic foot.

Unfortunately no ready means was at hand for meas-

uring the quantity of gas and the amount of oil used to

produce 1,000 cu. ft. A typical analysis of this gas is

as follows

:

Per Cent.

Carbonic acid 4
Heavy hydrocarbon 2 or less

Oxygen 1

Carbonic oxide 10

Hydrogen 5

Marsh gas 8

Nitrogen 70

100

This gas has a calorific value of 160 B.t.u. per cubic

foot. To use this gas successfully in gas engines it is

necessary that it shall be thoroughly cleansed by ef-

ficient scrubbing, and that it shall be uniform in cal-

orific value and chemical constituents. This last can

be readily accomplished in the operation of oil-gas

generators, used as producers, by careful measurement

of the oil used, and of the air supplied for its partial

combustion, and by the maintenance of a fairly con-

stant temperature in the generator. This can be done,

as in oil-gas manufacture, by a determination of the

necessary temperature by the observation of color in

all checker brick and the maintenance of this tem-

perature by frequent observations through sight cocks.

Making producer gas from oil in the ordinary oil-

gas generator has many advantages over any special

process. The gas can be made in very large quantities

and the amount made can be easily regulated to the

needs. The operation is continuous and without in-

terruptions for cleaning. This is essential in the man-

ufacture of producer gas for power purposes. In any

other known process the interruptions are not at stated

intervals, but occur when the producer refuses to

work, owing to the clogging of its parts by coke or

lamp black. Oil-gas generators have no easily de-

structible parts, as the lining and checker brick are

constructed with a view to resisting high temperatures,

and although a much higher temperature is desirable

in making producer gas than that employed in making

oil gas, the checker brick is not seriously affected by

the high temperature. In the decomposition of oil, in

the presence of air, there is a complete disposition of

all the gas-making constituents of the oil, so that pro-
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diicer gas can be made without a b) -product of any

Jvind. Any accumulation of carbon in the generator

may be removed by adjustinc;- the temperature and

quantity of air supplied. This method of making gas

requires a small gasholder for momentary storage, and

the process as at present understood could not be used

-as a suction gas producer. Producer gas made from

oil and containing a small percentage of hydrogen

possesses advantages over illuminating oil gas, inas-

much as it can be subjected to higher compression in

gas-engine cylinders, and with a gas of uniform analy-

sis uniform piston speed can be obtained.

THE FIXATION OF ATMOSPHERIC NITRO-
GEN.*

By DR. MILTON W. FRANKLIN.

One of the most pressing of modern problems is the

supply of combined nitrogen for agricultural purposes.

There are three substances, essential to the life of

plants, which are being constantly extracted from the

soil by the crops growing thereon. These are nitrogen,

phosphorus and potassium.

The continual abstraction of these substances from

the soil without any corresponding replacement renders

fessential their periodic application if the soil is not to

be unduly impoverished. In early agricultural opera-

tions, animal fertilizer sufficed for the needs of the

time; but during recent years the supply has become

greatly inadequate, and it becomes essential that some

form of artificial fertilizer be employed. Nitrate of

soda and sulphate of ammonia have been extensively

used for this purpose and have answered perfectly

well. The supplies, however, are extremely limited and

the consumption is increasing at an enormous rate. It

is estimated that the consumption of Chili saltpetre

increased from 250,000 tons in 1850 to 1,540,000 tons

in 1903, and at the present time the rate of consump-

tion is of the order of 2,000,000 tons per year. It is

estimated that the supply cannot last more than about

20 years. Within the last year or two, the price in

Germany has increased about 40 per cent. For many

years Peruvian guano has been used, but the supply

has become exhausted. The sewerage of cities, if util-

ized in an efficient manner, would prove at best but an

insignificant item in the total world's demand. It has

been estimated that in England alone there is wasted

through her sewers $80,000,000 per year ; and to date,

no efficient method has been proposed for the satisfac-

tory utilization of city sewerage.

Sulphate of ammonia is now manufactured in large

quantities as a by-product in gas works, and also in the

Mond Power Gas generating stations. It is, however,

improbable that this class of combined nitrogen can

successfully replace Chili saltpetre when the latter shall

have become exhausted. The ratio in which the two

substances are used at the present time is 2:5, the

consumption of ammonia sulphate in Germany during

•From the General Electric Review.

1904 being estimated at about 202,000 tons and that of

Chili saltpetre about 500,000 tons. The above ratio

applies to Germany, the largest user of artificial fertil-

izer, but the ratio for the whole world is placed at i -.4.

x'\t the same time it must be considered that the world's

supply of coal is extremely limited, and that therefore

even should the production of ammonia and sulphate

by the Mond process be enormously increased, the limit

is nevertheless defined.

The atmosphere surrounding the earth . contains a

supply of nitrogen equal to about 4.041 X (lo)"

tons. This is estimated on the basis of 31,000 tons of

nitrogen per acre of surface of the earth, at which

rate the air over every nine acres contains about 280,-

000 tons, equivalent to the amount of Chili salt petre

used in the year of 1907. Roughly speaking, four-

fifths of the air which surrounds the earth is nitrogen.

Nitric acid is an acid compound of hydrogen, nitro-

gen and oxygen. The formula is HNO3. It is inter-

esting to know that in 1669 Mayo wrote of nitric acid

as containing two components ; one from the air and

the other from the earth. In 1776 Lavosier demon-

strated its oxygen content, and Cavendish demon-

strated its complete composition by preparing it syn-

thetically from oxygen and nitrogen in the presence of

water. Nitric acid does not occur in a free state in na-

ture ; but after thunderstorms, traces of it may be

found in the air and in rain water, and according to

one authority, amounts up to 0.66 mg. per liter are

found in rain falling on the Alps. It occurs largely

combined in the form of alkalin nitrates in Chili and

elsewhere, the formation of the nitrates being supposed

to have originated in the putrefaction of nitrogenous

organic matters. The latter are assumed to be con-

verted into ammonia, and this to be oxidized in the

presence of hydroxides of sodium, potassium and cal-

cium. Chemically, it is an exceedingly inert element,

and its compounds until recently have been produced

artificially only from the decomposition of more com-

plex organic compounds, as in the manufacture of

coal gas.

Nitrogen compotinds are essentially unstable chem-

ically, and it is this instability which has rendered the

fixation of nitrogen difficult of accomplishment by arti-

ficial means, the critical temperature of dissociation ex-

isting so near the temperature of combination that dis-

integration is prone to occur immediately the combin-

ation has been brought about. This in fact is but a

phase of the instability of nitrogenous compounds.

There are two proven methods for fixation ; viz., the

Birkeland-Eyde process, and the Cyanamide process of

Caro and Frank. A modification of the Birkeland-

Eyde process, due to Dr. Schonherr and operated by

the Badische Aniline und Soda Fabrik, is also worthy

of description.

In the Birkeland-Eyde process, a high-tension alter-

nating current flame is blown into a disk transversely

to a direct current magnetic field. The gases mixed

with steam are passed directly over lime. This process
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is modified in the Badischc Aniline unci Soda Fabrik

in whose process long threadlike arcs are employed.

The air is blown tangentially so as to circualte spirally

around the arc.

The difficulties which have beset the development of

these processes in the past have been the high cost of

electric power, and the fact that the process of nitrogen

fixation in the flame is a reversible one. -\t certain

critical points the combined nitrogen is again decom-

posed : and it is with the perfection of this detail that

the whole development has been concerned, cheap w-a-

ter power having been available in many places for

some time.

In the processes based upon this principle, the object

is to produce NO„ and NO which combined with wa-

ter give a mixture of nitric and nitrous acids. From
this is produced calcium nitrate, in which form the fer-

tilizer is sold.

In the cyanamide process, of Caro and Frank, the

calcium carbide is first produced in an electric oven,

and. while red hot, is treated with nitrogen, the result

being a calcium-nitrogen compound.

The first attempt on anything like a commercial

scale at the fixation of atmospheric nitrogen was made

by Bradley and Lovejo)- at Niagara Falls, but although

the greatest credit is due to both of these experimenters

the results were unsatisfactory technically. The Birke-

land-Eyde process followed, and was really the first to

produce satisfactory results. This was, however, ow-

ing in a large measure to the fact that cheap water

power was available in abundant quantity. The Birke-

land-Eyde process may be described liriefly as follows

:

The apparatus consists of a pair of water-cooled cop-

per tubes 15 mm. diameter employed as electrodes.

These electrodes are suitable for flames up to 750 kw.

at 3,500 volts with a gap of i cm. The electrodes are

placed in a magnetic field of about 4,000 to 5,000 lines

of force per square centimeter in the center. This field

blows the arcs into the form of a large fan, the maxi-

mum diameter of flame being about 140 cm. The ob-

ject of the magnetic blow and arrangement is to in-

crease the rate of cutting of the flame and the air.

which is also assisted by the air blast supplied. The

furnace in wdiich the discharge takes place is lined

with fire-brick and is said to last about six months.

The inside temperature of the lining does not rise

above 700° C. during normal working, owing to the

cooling eflfect of the blast of air supplied, although the

temperature of the disk of flame is very considerably

higher. The results are extremely good as will be seen

b)' reference to Table I. This is partly because the

power employed is large, and partly because the rate

of cutting of the air with the flames is high, both be-

ing conducive to efficient working.

Of the foregoing description. Prof. S. P. Thompson
made the following criticism : The authors had hardly

appreciated the imfwrtance of the spontaneous further

oxidation of the gases formed in the passage of the

air through the flaming arcs. The gases, after they

left the furnace were not treated with water or lime un-

til they had been allowed to remain (and cool) a consid-

erable time in large oxidation chambers. If that were

not done a very large proportion of liquid formed in

the water tanks would be nitrous, instead of nitric acid.

It seemed to him that 900 kg. of nitric acid per k\v.-

year was too high for the average commercial yield of

that process. If he remembered rightly, this was an

exceptional, not an average figure ; the average figure

being nearer 600 kilos. It was well that there should

be no exaggeration, and he happened to know that in

Norway the experts expressly took a low^er figure, so

as to have a margin of safety in their calculations. The
large scale working of the new factory at Notodden

had certainly shown a higher economical yield than

that assumed in the estimates.

That the Birkeland-Eyde process might not be suc-

cessful in this country is suggested by Dr. Frank as

follows : The production of calcium nitrate (Ca N 03)2
4H2O, prepared by dissolving CaO or Ca CO3 in

(HNO.,) Ag, by the Birkeland-Eyde process, seems

to be developing exceedingly well in Norway. It

should, however, be noticed, that this industry has not

made much progress in any other land save Norway :

but it should not be forgotten that it is only in this

northern clime that electrical energy can be cheaply,

obtained on account of its unrivaled resources of wa-

ter power.

The Badischc Aniline und Soda Fabrik process is

one of the newer ones, which promises to give results

superior to those obtained by the Birkeland-Eyde proc-

ess. The air is blown tangentially so as to circulate

spirally around the quietly-burning arc. In some ex-

amples of this apparatus recently exhibited the tubes

are of glass, coated on the inner peripherv by a wire

spiral, which is in metallic contact w ith a knob at the

top of the tube. .At the bottom of the tube, the wire

spiral is separated only by a short distance from the

other electrode, which is placed in the axis of the tube.

When a 3,000 volt supply is applied between the two

electrodes a spark jumps across and the arc travels

rajiidly up the tube. If air is forced through the bot-

tom, in a number of symmetricallv placed tangential

nozzles, the arc burns quietly in the axis of the tube,

uithiiut touching the sides, and absorbs about four

amperes at 3,000 volts. The air charged with nitrous

gases which leaves the top of the tube gives up some

of its heat in raising the temperature of the fresh air,

about to enter the tube, to some 500° C. and the rest is

employed in steam generation. The cooled gas is then

mixed with water to form nitric acid, which, after

treatment with lime, results in the required manuring

material. An experimental installation on these lines

was opened in Christiansand (South Norway) in the

spring of 1907, with a total power of 2,000 h. p. Three

ovens are at work, each with a length of flame of five

meters and absorbing 600 h. p., alternating current of

fifty cycles is employed, and the arc burns quietlv and

reliably.
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The third aiui perhaps the most important process

at the present time is the cyanamide process of Caro

and Frank, which has been briefly referred to above.

The process appears to yield the best results per horse

power expended and is described by Dr. Frank as fol-

lows :

The carbide coming from the electric furnaces is

ground-charged into retorts made of fireproof mate-

rial which are mounted in a furnace similar to gas-

house furnaces. The nitrogen is then passed over the

carbide at a temperature of from 800° to 1,000° C. The

carbide used is of the same quality and percentage as

that employed for lighting purposes, and the nitrogen

is obtained by fractional distillation of licjuid air by

the Linde system, or the so-called "copper" process in

which air is passed through heated copper particles.

The copper takes up the oxygen and the free nitrogen

passes to the furnaces. The resulting copper oxide

is reduced in the same apparatus by treatment with

reducing gases or vapors, and the copper which is re-

moved is then ready for a new cycle. In the Linde

process the oxygen remaining after separation of the

nitrogen may be utilized for any purposes. As soon

as the carbide in the retorts is saturated with nitrogen,

a fact which will be made apparent by the controlling

gas meter coming to a standstill, the calcium cyana-

mide is extracted from the retort in the form of a

hard cake and cooled while the air is excluded. It is

then ground to a fine powder and is ready for use. Re-

cently a new electric furnace has been developed for

treating carbide with nitrogen and is being universally

adopted by all the new cyanamide factories.

The calcium cyanamide obtained is only about 57

to 63 per cent pure, and is known as lime nitrogen or

nitrolim. It contains about 20 to 22 per cent nitrogen,

about the same as sulphate of ammonia. Most carbide

works yield about two tons of carbide per kw.-year,

and two tons of carbide will combine with practically

5(X) kg. of nitrogen in the form of nitrolim ; a power

of 2 kw. is required per year for fixing one ton of

nitrogen by the Caro and Frank process. In addition

thereto about one-third of one horse power is required

for grinding and all other separations.

At $20 a kw.-year then the cost of power to pro-

duce one ton of nitrogen would be $45, and for one

ton of nitrolim $9. Comparing the Birkcland-Eyde

process with the Caro and Frank cyanamide process.

Dr. Frank pointed out that the works at Odden which

produce 2,500 tons of nitrogen only employ 5,000 kw.

to 6,000 kw. ; whereas from the statement of Mr. Eyde

it appears that in the.works at Notodden in Norway,

for the preparation of an equivalent amount of nitro-

gen in the form of nitrate of calcium, 25,000 kw. are

required. At $20 a kw.-year this would mean $200

for electric power per ton of nitrogen or $25 per ton

of calcium nitrate (Ca [No,]o 4H„0).
The figures given in the accompanying tables are

derived from data given in papers by various authors

and may not be accurate.

In regard to the relative merits of cyanamide and

nitrate of lime as a commercial product, Sylvanus P.

Thompson expressed himself as follows : There was

no doubt that the two successful processes today were

the nitrate of lime process and the cyanamide process,

but though both of them took nitrogen from the air,

the products were of different character. Nitrate of

lime has proved to be just as satisfactory for agri-

cultural purposes as nitrate of soda, and, in the case

of a heavy clay soil, the lime in it gave it a preference.

Cyanamide, on the other hand, was akin to sulphate

of ammonia rather than to nitrate of soda, and com-

peted with the former rather than with the latter.

Moreover, nitrate of lime had certain important ap-

plications in the coal tar color industry for which the

cyanamide would not serve.

While the above figures would indicate that the

cyanamide process is the more economical, the results

TABLE I.

Cost Per Cost per
Formula. per Ton. Cent N. Ton N.

Sodium nitrate NaNOj $40.00 19 $210
.\mmonia sulphate ...(NH,)S:0. 57.80 22 260

TABLE IL

Cost of
Cost of produc-

prodiiction tion per
per ton ton of N
at $20 per Per at $20 per

Formula. Kw-year. cent N. Kw-year.
Calcium cyanamide. CaCN.( Crude') $9 21 $4-5

Calcium liitrate Ca(NO:>)=4H.O 2.5* 12 200*

*BirkeIand-Eyde process.

of experiment do not seem to demonstrate that the

product of this process is as generally satisfactory as

that of the direct air process.

In practice it has often been found that some un-

combined calcium carbide has remained in the nitro-

lim, and has proven oflfensive in generating acetylene

upon becoming wet. Cyanamide manufacturers claim

that this objection has Ijeen satisfactorily remedied

and that the process is cheaper ; but the fact remains

that a good deal of cajjital has been, and constantly

is being, invested in processes which efifect a direct

combination of oxygen and nitrogen from the air.

In Zcit. f. Elektrorhcinir. Jan. i. 191 1, a review is

given by F. Haber and A. Koenig of the present

status of fixation of atmospheric nitrogen. The fol-

lowing table sums up the results obtained with the

three successful processes in commercial operation

:

the process of the Badische Company (Dr. .Schon-

herr) the process of Birkeland and Eyde. and the

process of Saltpetcrsaure-lndiistrie Compan\- ^Paul-

ing) :

Grams HNOi Concentration in

iicr kw-hour. per cents NO.
Badische Company 75 2.5

Birkeland and Eyde 70 2

Pauling 60 1 to 1.5

The table gives both the yield in grams HNO,
per kilowatt-hour and the concentration in per cent of
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NO, since both items are of fundamental commercial point it begins to decrease as the yield of gas further

importance. increases. The reason for this is that the NH3 is

The comparison with theoretical figures is difficult, broken up by exposure to a very high retort tempera-

The commercial yield of the process of the Badischc ture.

Company is about 63 per cent of the theoretical value The crude ammoniacal liquor from different coals

obtainable (without regeneration of heat), on the hy- differs greatly in composition. The liquor from what

pothesis that the oxidation of the nitrogen is a purely is ordinarily known as "Island Creek" coal, will con-

thermal process and that the temperature of the arc tain about 25 per cent of fixed ammonia, while the

is 3,800° C. The authors give a very useful review of liquor from what is ordinarily known as "Youghiog-

the various scientific investigations made in recent heny" coal will contain about 10 per cent of fixed

years on the mechanism of the oxidation of atmos- ammonia,

pheric nitrogen by electric discharges through the air. Only 10 to 15 per cent of the total nitrogen in the

It may be concluded that the fixation of atmos- coal is recovered as NH3.

pheric nitrogen opens a vast field for manufacturers The ammonia is recovered from the gas in various

of electrical apparatus. The total kilowatt capacity places in the plant, in the form of condensation and

of electrical machinery already installed is very large, by absorption in water. The following table gives

and with the refinement of existing processes and the approximately the amounts recovered at the different

development of new methods, it may be expected that pomts

:

there will be created an increasing demand for special-
p^^ ^^^^^ p^^ ^^^^^ ^fixed."'

ized electrical appliances. The subject of frequency Recovered. Strength. NHj.

and its influence on the process has not been closeh Hydraulic and foul mains 5 O.B 60
^

_
Condensers 00 z.U o

examined as vet, and much research will have been Prim, tower scrubber 45 1.0

prosecuted before a knowledge has been obtained of Fresh water tower scrubber 15 0.3

• . , , 4. 4.- 1 r icn ...I i. 1 -J 1 The pomt of importance m the condensmg systern is
just what potentials fulfill the most nearly ideal re- ^ ^ ,

,

, • ' the maintenance of the proper temperatures through-
quirements.

. .

out. The solubility of ammonia is much greater at

low than at high temperatures, and as the temperature
DIRECTIONS FOR THE RECOVERY, CON- throughout the scrubbing system is controlled by the

CENTRATION AND TESTING OF condensers it is necessary to bring the temperature
AMMONIA.-'- gf tj^g outlet of the condensers to the proper point, in

The following set of instructions for the recovery, g^der to recover the ammonia in the scrubbers. No
concentration and testing of ammonia were prepared cooling of the gas is done in the scrubbers except that

in the Detroit office of Hodenpyl, Hardy & Co., for from radiation and the addition of the fresh watei
the use of the superintendents and foremen in their -phese temperatures must be maintained at the proper
gas plants. This paper is not intended to be a gen- point for other reasons than the recover^' of ammonia.
eral discussion of the chemical principles involved in .„^ ^ .^^,,„^„ ..„,,„^^

. ^ TABLE OF TEMPERATURES.
the different methods of recovering and concentrating

Position Degrees F.

amrrionia, but merely a set of instructions covering the Inlet of P. & A ^
100-1-20

method in ordinary use in small plants. Thinking
!;;!:[ ^^:;°^f^^Lr:S^r": i! ::::;:;:::::;:;::::::: 1 It'll

possibly these instructions might be of some use to Outlet of fresh water scrubber 60- 70

those in charge of other small plants throughout the It will be seen from the above table, under "Point

state, they are herewith contributed. of Recovery," that about 60 per cent of the ammonia

A few of the things that make the recovery of am- remains in the gas at the outlet of the condenser, to

monia necessary are as follows

:

be absorbed by the water in the washers and scrub-

1. Waste gas liquor cannot be run into the sewer, bers. To accomplish this absorption, intimate contact

because the odor would be obnoxious and cause must be obtained between the gas and the water for

trouble. sufficient time. In the ordinary type of tower scrub-

2. The ammonia must be removed from the gas, ber this contact is obtained by wetting the surface of

because if allowed to go forward it would damage the the scrubber, filling and allowing the gas to travel

works' apparatus and consumers' meters and fixtures, along this surface at a slow rate.

3. A net revenue amounting to 30 to 40 cts. per The scrubber filling which gives the greatest amount

ton of coal carbonized, or 3 cts. to 4 cts. per 1,000 cu. of wetted surface, and allows' the gas to pass with

ft. of gas, is derived from the ammonia recovered the least amount of back pressure, has been found in

when a proper yield is obtained. wooden trays, made up of boards on edge, with divid-

The retort conditions most favorable for the pro- ing strips. Another scrubber, which has been found

duction of ammonia are medium heats and large very efficient in getting this intimate contact, is of

charges. The yield of ammonia increases with the the rotary type, but it is not ordinarily used in small

yield of gas per pound of coal, up to 5.1 lbs., at which works.

Ammonia being very soluble in water, and at the

oiauorVlamef A%rSwn'"''
'^'"""^' ^'"'"^^" "^-^^ ^^^°-

ordinary temperatures' at which scrubbers should be
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maintained, i volume of water will absorb 600 vol-

umes of NH3; I -gal. of fresh water will absorb y/2
lbs. NH3 at these temperatures, and as there is only

about .3 lb. NH3 in 1,000 cu. ft. of gas at the scrubbers,

it is apparent there is always sufficient water added if

proper time contact with the gas is obtained. To in-

sure this intimate contact, the following points must

be watched

:

It is very necessary to have the liquor with which

the gas is to be scrubbed evenly distributed over the

surface of the scrubber filling. This is accomplished

by various methods, among the best of which is:

1. To have the liquor at the top of the scrubber

impinge on a properly shaped block, which will scat-

ter the liquor evenly over the surface of the scrubber.

2. To admit the liquor at intervals with a flush

tank in such large quantities that there will be no ques-

tion of its being distributed over the entire surface

of the scrubber filling. This is necessary where it is

difficult to properly distribute a small quantity of

liquor.

3. To use a revolving distributor, made up of a

pipe extending radially from the center, and attached

in such a manner that it may revolve around same.

This pipe has two or three openings in the side, and

these openings being made in such a way that they

distribute the liquor over a certain part of radius of

the scrubber, the resistance against the gas of the

liquor emerging from these openings will cause this

pipe to revolve around the center of the scrubber.

To insure the absorption of the greatest amount of

NH3 gas, the liquor is sometimes recirculated over

and over in the scrubbers by means of a pump
; 50

gals, per 1,000 cu. ft. of gas should be a sufficient

rate to pump liquor through the scrubber. As this re-

circulated liquor is always saturated, no appreciable

loss of illuminating value will result from re-circula-

tion. It is necessary, how'ever, to separate the liquor

from any tar that might accumulate and re-circulate

only the liquor, for the reason that tar at the tem-

peratures maintained in the scrubbers will rapidly ab-

sorb the illuniinants from the gas. Re-circulating a

large quantity of crude liquor in the primary scrubber

takes out considerable H„S, thus lessening the work on

the oxide purifiers.

Sufficient fresh water is admitted to the final scrub-

ber to absorb the last traces of ammonia, and the

liquor from this scrubber is also sometimes re-circu-

lated. With the ordinary type of tower scrubber, the

amount of fresh water necessary to completely ab-

sorb the ammonia from the gas is found to be in the

neighborhood of 4 gals, per 1,000, and this is a safe

quantity to use at the proper temperature. When
using 4 gals, of fresh water per r.ooo cu. ft. of gas,

the strength of the crude liquor in the well should be

from .9 per cent to i per cent NH3. If, with the

proper temperature, 4 gals, of water per 1,000 cu. ft.

of gas are found insufficient, and there is an even

distribution of liquor in the top of the scrubber, it

This amount will vary greatly, according to kind of coal used.

would indicate that the scrubber trays need cleaning

or replacing.

Daily tests should be taken at the outlet of the

fresh water scrubber, to insure that no ammonia is be-

ing carried forward in the gas. These tests should be

made with sensitive red-litmus paper, and should n

be found at any time that the litmus will discolor to

any appreciable degree within 30 seconds, too much
ammonia is going forward. This would indicate that

insufficient fresh water was being admitted to the

fresh water scrubber, that the distribution throughout

the scrubber was poor, that the temperatures carried

throughout the condensing and scrubbing system were

too high, or that the scrubber trays were dirty or

clogged.

If scrubbers are maintained at the proper tempera-

ture and liquor is evenly distributed over the filling

and 4 gals, of water will not completely absorb the

NH3, it is evident that the scrubber filling should be

removed and cleaned. This filling will possibly, after

some time, become clogged with naphthaline or tar.

The crude liquor should be stored in a covered

well or tank. If open to a circulation of air, the

amount of fixed ammonia in the liquor will increase,

also some ammonia will be volatilized and lost. Any
leakage from these wells will represent considerable

waste of ammonia and should be constantly guarded

against.

In the recovery of NH,, in the washers and scrub-

bers, a double purpose is accomplished. If sufficient

time contact is allowed, the NH, will combine with

H,S and CO.,, and the scrubbing water will also ab-

sorb the HjS and CO., thus relieving the purifiers of

considerable work.

To accomplish any appreciable absorption of HnS,

the gas must be thoroughly scrubbed with liquor con-

taining uncombined NH.. Under the best conditions

with tower scrubbers, alaout 40 per cent of the H^S in

the gas can be removed in the crude ammoniacal

liquor. In order to accomplish a proper absorption of

HoS, it is usually necessary to re-circulate in the

scrubbers the liquor from the hydraulic main and

condensers, as that liquor contains uncombined am-

monia.

It should be unnecessary to emphasize the import-

ance of guarding against any leakage in the pipe

lines and through the walls of tanks and wells, for

any leakage, however small, will have a serious effect

on yield of ammonia obtained.

In order to recover the ammonia from the gas, the

following operating conditions must be maintained

throughout the condensing and scrubbing system:

1. Maintain the proper temperatures in the con-

densers and scrubbers.

2. Provide for even distribution in the top of the

scrubbers.

3. If a re-circulation system is used, see that the

circulation is continuous and sufficient.

4. Use about 4 gallons of fresh water per 1,000

in final scrubber.
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5. Make daily litmus tests of the gas at the outlet

of final scrubber.

6. Keep trays and scrubber filling clean.

7. Keep all wells and tanks covered and protected

from air circulation ami the sun's rays.

8. Insure against all leaks in lines and wells.

In this article it is assumed that the ammonia still

consists of the usual series of chambers known as the

volatile still, the large mixing chamber into which the

lime is injected known as the lime leg, and the series

of chambers known as the fixed still in the bottom of

which all the steam for heating the still is ordinarily

admitted.

Besides the still proper, there is usually an over-

head tank for the crude liquor and another for the

lime water. There is also a condenser with leading

coil, absorber, and second absorber with sometimes

other accessories to facilitate the proper working of

the still.

Ammonia stills of the following sizes should be suf-

ficient to easily take care of the liquor from the daily

carbonization of the following amoiuits of coal

:

Still, inches. Tons, daily.

48 150
36 100
24 50

Crude liquor to be 1 per cent.

Keep flowing at a constant rate

:

Rate per hour, Rate per minute.
Still inches. gallons. gallons.

48 450 7.5

36 300 5.0
24 150 2.5

Stills of the above sizes will easily take care of the

above quantities of crude liquor per hour under ordi-

nary conditions. To determine the proper rate of feed

the following is the procedure

:

With a certain strength of crude liquor, the neces-

sary temperature to get a certain strength concentrated

liquor is determined. With sufficient lime of constant

good quality being fed to the still, the feed of crude

liquor can be set to the greatest rate that will allow

the waste to be free from NH,. A graduated quadrant

should be placed on the regulating cock of the crude

liquor feed line and the proper point determined. The
still should always run with this cock set in the proper

position.

For a certain strength of concentrated liquor, a cer-

tain temperature at the outlet of the still must be main-

tained. This temperature is determined by the desired

strength of the concentrated liquor. For 16 per cent

liquor it is usually found to be in the neighborhood of

190°. The temperature to be carried at this point is

also dependent upon the strength of the crude liquor.

If the crude liquor is very weak this temperature will

have to be carried lower in order to obtain a concen-

trated liquor of good strength, and if carried too low

there will be a loss of ammonia in the waste. If the

strength of the crude liquor is high, this temperature

must be carried higher in order that the waste be kept

free from ammonia. With a high strength of crude

liquor, a higher temperature can be carried and a

stronger concentrated liquor obtained than when the

still is worked with low strength, crude liquor and

low temperature.

In order to keep this temperature constant, a reduc-

ing pressure valve is always used on the steam inlet

to the still. This reducing pressure valve must be in

good working condition in order to have any success

in keeping the still at a constant temperature. A
steam gauge should be installed at the outlet of this

reducing pressure valve, in order to observe and reg-

ulate the pressure on the still. Automatic tempera-

ture controls, that regulate the amount of steam en-

tering the still according to the temperature carried at

the outlet of the still, are sometimes installed.

This is regulated by adjusting the amount of water

admitted to the condenser for cooling purposes, and

is usually carried at about 100° at this point, if there is

a cooling coil in the absorber; if not, about 70°. The

temperature that can be carried at this point depends

upon the ([uality of the crude liquor. Some liquors

that carry a high content of CO„ and H^S salt in the

condenser very easily. Other liquors, of a low con-

tent of CO, and H^S, allow a very low teinperature to

be carried at this point. The lowest temperature

possible without salting the lead coil in the condenser,

should be the one carried. Carrying a low tempera-

ture here keeps the uncondensed ainmonia gas from

getting over into the second absorber and prevents

any possibility of waste at this point.

If the temperature of the absorber is carried very

low, the concentrated liquor being very strong, the

absorber will become more or less coated with salt

and its efficiency thereby cut down. If the tempera-

ture of the absorber is carried too high the uncon-

densed ammonia gases froin the condenser will pass

through this absorber and go over into the second

absorber, resulting very likely in a loss.

The function of the second absorber is to catch and

absorb any vapors which may be unabsorbed in the

first. The liquor in this second absorber should be

drained oflf daily and replaced with fresh water. The

pipe leading from the first absorber to the second is

very apt to stop up with salt and should be examined

daily. The liquor drained off from the second ab-

sorber should be put back into the crude liquor well.

If the temperature at the outlet of the still is al-

lowed to vary to any great degree, strong liquor will

be made at such time as the temperature is low. If

the temperature is too low, and too strong liquor is

made, it will salt in the condenser coils and there will

be an accompanying loss through the waste. Under

some conditions it is possible to make a much stronger

liquor than under others. The liquor from some coals

can be concentrated to as high as 18 per cent in the

ordinary still. The liquor from other coals cannot be

concentrated higher than 14 per cent without salting

the still. Under some conditions of carbonization and

subsequent condensing and scrubbing, the crude liquor

will contain considerable CO, and FLS, which makes

it impossible to obtain a concentrated liquor of ove:

14 ]ier cent.
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it has been determined by experiment that 2>< lbs. to drive off the ammonia. Too much water with the

of lime are necessary to free tiie fixed ammonia in the lime increases the quantity of liquor passing through
liquor from one ton of Island Creek coal. One pound the fixed still, consequently the liquor is subjected to

of lime is required to free the fixed ammonia in the a shorter boiling period. Weak crude liquor also in-

liquor from one ton of Voughiogheny coal. creases the work upon the still. Periodical tests should

In ordinary practice a good rule to follow for the be made on the still to determine its efficiency. When
quantity of lime to be used is : i lb. of lime for every the still is running under proper conditions Q7 per

10 per cent of fixed ammonia in the crude liquor cent of the ammonia in the liquor should be accounted
from one ton of coal. The lime should be used in the for in the concentrated liquor.

greatest concentration possible, as any excess water i„ estimating the loss of ammonia, in pounds per
increases the work on the fixed still, making it more ton of coal, after taking a test of the waste, it must
difficult to remove the last trace of ammonia. To have be remembered that the waste liquor per ton of coal is

the lime water of constant good quality, flowing into made up of the crude liquor, the lime water and the
the machine, it is quite necessary to have some means condensed steam, amounting with i per cent crude
of agitating it in the overhead lime tank. This can be lif^o,. to nearly 100 gallons per ton of coal, or 825
done with compressed air. if available, if not, with ex- to 850 lbs. of waste liquor. Example: Waste testing
haust steam from one of the pumps. The use of ex- qj pg^ cent is equivalent to .085 lbs NH3 per ton of
haust steam is recommended, as it preheats the milk (.qj,j

of lime before entering the still. There is considerable j^e steam necessary to concentrate the crude liquor
settlement in the lime leg of the ordinary ammonia ^t i per cent strength'from i ton of coal will be in the
still, consequently this should be blown off often neio-hborhood of IM lbs.

enough to keep all passages clear. This should not be
^,^^ ammonia still is very simple in theory, but re-

necessary more than once m 24 hours. The plates
^^^-^^^ ^^,^^^^,^^ ^^^^ ^^^ supervision to operate prop-

should be removed from the lime leg and cleaned 1 -ri, • 111 ^i
• c (...^'^ erly. There is probably no other piece of apparatus

every time the machine ,s shut down, or once in 10
^^^^^j j,^ ^^^ ^^^^j^^ that'requires as much attention as

days. It IS sometimes found necessary to allow a small
j,^^ ammonia still. A certain balance must be main-

amount of steam to enter the lime leg, near the bottom
^^j^^^^j ,^^j^^.^^^ ^^^ temperatures at the outlet of the

of the pipe through which the ammonia liquor comes
^^.„_ ^,^^ ^j^^^^^^,^ ^^ ^,^^ ^,.^^j.. jj^^,^^ ^^^ ^j^^ ^^^^^^,,^j

down from the volatile still, in order to keep the waste
^^ ammonia found in the waste. If one of these

tree from ammonia. Ju^t enough steam should be ad-
^^j^^^^ ^^^^.^^ ^,^^. ^^j^^^^ ^^.j,, ^.^^.^._ ^^.-^^^ ^^^^.^^^, ^,^ ^^.

m.tted to make up tor the radiation of heat from the
.^mpanying loss of ammonia or an accompanying

hme leg of the still. A ,'4 -in. valve, '4 turn open,
,^^^,^^ ^;^. ^^^ concentrated liquor. When this bal-

should be sufficient on most stills.
,

,
^ ,. ^ ^\ , iv .i,^,,mance has once been determined, the condition should

By reference to the table of specific gravities of , • ^ • 1 ,. ^ ^ 11 ,;.„^, ti,„ f„ii^,„;,w
•

. *^ be maintained constant at all times, the lollowing
lime water, the amount of lime being admitted to tlic • . ,, ,„ ^ 1 > i 1 1 ..^•f<.,

'
. " points are the ones to be looked alter

;

still can be ascertained. The rate of flow of the lime y- ^i ^ »i r ^i j„ ^„ ,„, „-,„<.fo,-,t
I. Keep the strength of the crude liquor constant.

water in gallons per minute is measured and the spe- ,- . ,- ' , , r j „„„ot„„.
'^ ^ . ^2. Keep rate ot crutle liquor feed constant.

cific gravity taken with a Twaddell hydrometer. Bv t- ^i <- ^ , + <- ^^ *u„ „,,fi«>t ^(=> - • - 3. Keep the temperature constant at the outlet ot
reference to the tabic the pounds of lime being ad- ,.,',

mitted per minute can be found. ,- , . ^ ,^ . „,,fUf „.-,„,i„„oo,-*
4. Keep temperature constant at outlet condensei.

No matter how small, any leaks on the still, espe- - j^^.^p absorber at proper temperature.
cially on the lead coil at the outlet of the still, should

6_ i^^^^ the proper amount of milk of lime fiowing
be stopped at once. A small leak of ammonia gas will

;„ at a constant rate and have this of constant good
seriously cut down the efficiency of a still. In fact, quality
the importance of keeping the still free from these ^ Eliminate all leaks.

leaks cannot be overestimated. Any small leaks, for c^ Test waste liquor daily.

instance, in the stuffing box of concentrated liquor
strength of luxe w.xter.

pump, or through a cock on concentrated liquor line c- -r n 1 ,•
' "^ ^ ^ . Degs Specific Pounds hme
or tank, runs 24 hours a day. and the loss of ammonia Twaddle. Gravity. (CaO) in 1 gal.

is considerable. Strict attention should be paid to keep 1.00 0.00

these leaks eliminated. If this is not done it will have
;j

j'q2 0/22

a very serious effect on the ammonia yield. 6 1-03 0..33

Daily tests should be made of the waste liquor from .^
j'og q'^q

the still to check up the operating conditions, .\ii\- 12 l.on 0.67

, re 1
• i 1

"•
.u f • I- 14 1.07 0.78

amount of fixed ammonia tound in the waste indi-
j^ j Qg f)jjp

cates either too small an amount of lime being used. 18 1.09 0.91

too low a temperature carried at the outlet of the still, 5^
j'jt ^'26

or too much water being used with the lime.
.

24 112 137

If too low a temperature is being carried at the In order to make a proper test for ammonia the first

outlet of the still, insufficient .-.team is being admitted and most important thing is to obtain a proper sample.
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To get a uniform sample of liquor from the well.

tank or tank car, a piece of apparatus, commonly

called a "gun"' is used. For the construction of this

gun, see illustration.

The procedure is as follows:

1. Slowly lower the gun to the bottom of the well

or tank with the valve held open; allow the valve to

close, then raise gun and discharge contents into some

receptacle other than the same bottle. This is for the

purpose of cleansing the gun and having the liquor

that adheres to the sides of the gun of the same

strength as the liquor in the well or tank.

2. Slowly lower the gun again, as before, and after

carefully wiping off the outside of the gun, discharge

the contents into the sample bottle.

TEST OF LIQUOR—NO. I METHOD.

This is the most customary method of making a

test of the strength of ammonia liquor. The neces-

sary apparatus is illustrated and marked "No. i Meth-

od." A list of the necessary chemicals and apparatus

is as follows

:

One Burette, 50 to 100 c.c.—preferably the latter.

Milk back best. If ordinary burette is bought, it will

require one Erdman's float. Glass stopcock best. Also

:

One Bunsen burner; 2 retort stands, about 2 feet

high; 2 retort rings for above— i of 4 inches diameter

burette, standardized sulphuric acid at a rate that will

keep the bath in the evaporating dish always of a straw

color. Boil for about 20 minutes, and along towards

the last add the acid very slowly, drop-by-drop, in just

sufficient quantity to neutralize the ammonia vapors

as they come over. This end reaction can be noticed a.

LeatherPlutj
Pipe

\Cop

'^tg
^

'•KeamedEnd Coil 3pr:ng

Fig. 1.—Sample Gun.

and one of i inch or ij/^ inches diameter; i burette

clamp ; 3 Erlemeyer flasks, 250 c.c. ; i rubber stopper

to fit above flask, with one hole to fit glass tubing; i

porcelain dish, 6 inches diameter ; i glass stirring rod,

6 inches long; i yard glass tubing, to fit inside tubing

on funnel ; i foot rubber tubing ; two 25^2 inch funnels ;

two 10 c.c. pipettes; i Twaddell hydrometer; i small

glass beaker ; i pound pot. hydrox, in sticks ; i ounce

methyl-orange ; i ounce cochineal bugs ; 2 small bot-

tles, to hold indicators ; i small mortar and pestle ;
one

100 c.c. cylindrical graduate.

The method is as follows

:

With the 10 cc. pipette, draw a sample from the

liquor to be tested. Allow this first sample to run to

waste. Draw another sample and run into the Erle-

meyer flask. Put into latter about 50 cc. of distilled

water and a piece of pot. hydrox. about the size of a

pea. Put the rubber stopper, with the glass tubing in-

serted, into the top of the flask and lower the funnel

into the evaporating dish about 5^ full of distilled

water until sealed. Add several drops of cochineal

solution to the bath in the evaporating dish, for the

indicator. Place Bunsen burner under the flask and

start heating. As soon as burner is placed, read the

burette and run into the evaporating dish from the

Ifefort

5tmd.

- Burette for Acid

j 51055 Tubing

Rubber Corti

mcCEorlFlosH:

WireSmzd .Î
^ // Wed RubberJoint

—
' Evaporating Disti

C)

Bunsen-

Fig. 2.—Testing Apparatus No. 1 Method.

little more closely if some methyl-orange is placed in a

separate white dish and a drop from the evaporating

dish brought over with the stirring rod from time to

time. The methyl-orange serves as an indicator as tc^

whether the bath in the evaporating dish is acid or

alkaline.

When the last drop of acid necessary to turn the

bath to an acid color is in, the number of cc. acid used

is read from the burette and the computation is as

follows

:

cc. H.SO4 X factor X .017

X 100= per cent NH3 in sample.

cc. of sample X sp. grav.

The specific gravity of the sample is obtained by the

use of a Twaddell hydrometer. To obtain the specific

gravity from the reading of the hydrometer, divide

the reading on the hydrometer by 2 and place in the

Fig. 3.—Testing Apparatus No. 2 IVIetliod.

second decimal place after i ; e. g., if the reading on

the hydrometer is 18, the specific gravity will 1.09. If

the reading on the hydrometer is 21, the specific grav-

ity will be 1. 105. In the formula above given, .017 is

the grams of ammonia that i cc. of normal H2S04 will
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neutralize. In making the acid it is not necessary to

have it exactly normal, and the factor in the above

formula represents its relation to normal.

TEST OF LIQUOR. NO. 2 METHOD.

Another method Vk'hich has some advantages over

the first one described is that the end reaction is a little

more easily observed. The apparatus for this method

is shown in the illustration marked "No. 2 method."

A list of the necessary chemicals and apparatus is as

follows

:

One ammonia determination flask with condenser,

No. 1,668, E. H. Sargent & Co.; two 100 cc. burettes,

milk back, glass cock; i double burette stand with 2

burette clamps; one 500 cc. beaker; i tripod, 12 mches

high; 2 pieces J^'iiich rubber tubing, 3 inches long;

I bottle normal H,S04 ; i pound can C. P., NaoCOj

;

I Twaddell hydrometer; i Bunsen burner; i pound

potassium hydroxide in sticks, KOH ; two 10 cc.

pipettes ; one cc. graduate, cylindrical ; two 2'/2-inch

funnels ; i ounce methyl-orange ; i ounce cochineal

bugs.

No. 2 Method.—The method of procedure is as fol-

lows: Take the sample of ammonia liquor, place in

the flask of distilled water and potassium hydroxide

and submerge the end of the condenser in distilled

water in the beaker, as in "Method No. i."

Coimect up the condenser to the water and start.

Put in from the acid burette what you know to be an

excess of acid. Boil for 20 minutes to J^ hour, stir-

ring the liquor in the beaker occasionally. When boil-

ing is completed take the beaker over to the burette

containing normal sodium carbonate Na^COg. Place

in the beaker, 2 or 3 drops of cochineal solution for the

indicator and add Na^CO^ until the bath shows alka-

line. The computation is as follows

:

(cc. H.SOj X factor— cc. XajCOo X factor) X .017

cc. of sample X Spec. Grav.

X 100 = % NH3 in sample.

To make a test of the crude liquor or waste, proceed

as above, using 50 cc. of sample instead of 10.

It is well, whenever new acid is obtained, to check

with the old acid or with a normal alkali. Acid may be

prepared by titration against the normal alkali. To

prepare a normal alkali, weigh out 53 grammes of

Na2C03, which has been heated in a crucible until the

weight is constant. With these 53 grammes of

NaaCOs make a solution with distilled water up to

1,000 cc. at 39° F. One cc. of this normal alkali will

neutralize i cc. of normal H2SO4. cc. H2S04 is

added to distilled water and titrated against the

Na2C03 solution. The computation to find the factor

cc. of NaaCO^

of the acid is as follows: = factor.

cc. of H2SO4

THE MANUFACTURE OF C.

CHLORIC ACID.*
P. HYDRO-

There were 417 mines producing gold, silver, copper,

lead, or zinc in Idaho in 1910, compared with 324 in

1909. Of these 417 producing mines, 262 were placer

mines, manv of which made very small outputs.

Hydrochloric acid is usually made from sodium

chloride and sulfuric acid according to the following

formula:—2NaCl+H,SO,=HCl-j-Na,SO,. The HCl
gas evolved is dissolved in water forming a solution

when concentrated at I5°C containing about 38%
HCl. The sodium sulfate formed at the same time

is a by-product, but has a commercial value and is used

extensively in the manufacture of glass. Hydrochloric

acid can also be made synthetically from chlorine and

hydrogen, and its production in this way is now being

Fig. 1.

made to a. limited extent as a by-product in connection

with the electrolytic production of caustic potash.

Made from sodium chloride and sulfuric acid, the

operation is performed in a retort essentially as shown

in Fig's I and 2, Fig. i being a longitudinal section

of Fig. 2. The "pan" is made of heavy cast-iron, 9

or 10 ft. in diameter, enclosed in brick, having a fire

place below and a door on the side for charging, and

arched over with an opening at the top for carrying off

the HCl vapors. Connected with the pan is a "roast-

Fig. 2.

er," which is Iniilt entirely of brick, with fire flues

above and below the doors along the side and at one

end, and an opening on top to carry off the HCl vapors.

The charge consisting of a ton or more of salt is

placed in the pan and the requisite amount of sulfuric

acid run in with it ; vapors of HCl are given off imme-

diately, and as the temperature rises the mixture is

occasionally turned over by means of a long-handled

iron rake thrust in through the door. When the mass

becomes pasty and begins to cake to the pan, it is

•From The Chemi.st Analyst.
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scraped over into the roaster, where the temperature

can be raised to a red heat necessary to complete the

decomposition ; the mass is turned over ocasionally

with rakes through the openings along the side, and

the residue of salt cake is finally discharged through

the door at the end.

The acid vapors evolved from the pan are compara-

tively cool and can be absorbed in water or weak acid

in large stoneware receivers connected in series and

air cooled, or in vessels immersed in the water-bath,

similar to the arrangement used for cooling C. P. Acid.

as shown in Fig. 3. The temperature of the vapors

from the roaster are necessarilv very high and arc

therefore conducted first through cooling chambers

and then into a tower where they are absorbed in

water or weak acid flowing over broken pumice stone

with which the tower is filled.

The hydrochloric produced in this \va\ has a strength

varying from 1.16 to 1.18 sp. gr. and contains a con-

siderable amount of impurities, mostly sidfuric aci(!

and iron, the latter impurity causing the acid to have

a decided yellow color. For making chemicallv pure

.3UPPLV COCK.*,

Fig. 3.

acid, these impurities are removed by distillation in

an apparatus which will not be acted upon by the acid,

such as glass or porcelain. The distillation of hydro-

chloric acid is peculiar in that it does not distil at a

uniform degree of strength above i.io sp. gr. ; above

this strength HCl gas is driven ofi^ and the distillate

will be stronger than the original liquid, while tliu

latter becomes gradually weaker until it reaches a

strength of i.io sp. gr.. at which point it remains sta-

tionary and distills at a uniform strength. If we start

with a strong acid, say 1.18 sp. gr., the boiling will

commence with the first application of heat and at first

HCl gas will be given oft, which will gradually dimin-

ish until the strength is reduced to 1,10. To prevent

the loss of HCl gas which distills off during the first

part of the operation, means must be provided for

absorbing it ; this can be done by conducting the gas

into a receiver containing water or weak acid and

then changing the receiver when no more gas is

evolved ; the balance of the distillate will be only about

I.IO sp. gr., which in order to be marketable must be

brought up to 1.19 sp. gr., saturating it with HCl gas

from a subsequent distillation.

This intermittent process requires frequent chang-

ing and cooling of receivers to absorb the heat gen-

erated by the absorbtion and involves much labor and

some loss of gas while the receivers are being changed.

The process could be simplified by adding to the still

a constant supply of strong acid as the distillation

is going on, so that the distillate will always be of

uniform strength, but the objection to this scheme is

the accumulation of impurities, which are liable to

distill over or be carried over mechanicallv with the

acid when they become concentrated.

The last difficulty can be overcome b}' providing for

a slight overflow from the still to gradually carry oflf

the impurities, but to accomplish this an apparatus of

special construction is required, substantially as shown

in Fig. 3. This apparatus is designed to operate con-

tinually and automatically as far as possible. The
acid to be purified is forced by air pressure from the

blow-case set in the ground where it can be convenient-

ly filled to the tank elevated above the apparatus, so

that the acid will flow by gravity into the stills, the

flow being regulated by a cock. The acid enters the

still at the end farthest from the fire, and as it flows

through the apparatus, the temperature of the liquid

rises, so that at dift'erent points in the still there will

be vapors distilling off at different strengths, all of

which will combine again in the condensors to form an

acid of full strength. .\s the acid flows through the

apparatus, it becomes weaker until at the end opposite

from where it enters, it is only about i.io sp. gr., at

which point the impurities also tend to concentrate,

and, with a constant overflow amounting to about 10%
of the acid run in, these are drawn off with sufficient

rapidity to prevent them from being carried over with

the distillate.

The condensing vessels arc placed in a bath of

running water, which absorbs the heat of the vapors

and the heat generated by their absorption, and the

condensed acid flows out at the farther end through

a glass jar containing a small hydrometer to show the

strength. Bv this system a constant supply of chem-

ically pure acid of unifomi strength is produced, and

l:y enlarging the number of vessels used, the output

can be increased to anv desired quantitv. with a mini-

mum amount of labor.

The number of deep mines producing metals in Mon-
tana in 1910 was 423. against 448 in if)09, and the

number of producing placer mines was 157. against

170. The average total recoverable value per ton of

ore produced increased from $9.39 in 1909 to $9.41

in 1910.

The output of lead in Idaho in 1910 increased 12,-

272,554 lbs. over that of 1909. The value of the lead

produced in 1910 was r)i.5 per cent of the value of the

total metal production. Crude ore shipped to smelters

contained 50,084,367 lbs., and concentrates (of which

all but 704,652 lbs. came frrmi Shoshone Countv)
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RECENT PROGRESS IN THE ROASTING OF
SULPHIDES.*

By M. LEON GUILLET.

After several journeys in Belgium and Germany and

visiting various plants in I'rance the author has made
this study of the roasting of sulphides, especially the

roasting of galena and blende. Considerable progress

seems to have been made in the industry during the

last twelve or fifteen years, but development is still

going on.

It is found necessary to review the articles which

have already appeared in the Rez'iie, and in doing this

the following classification of roasting furnaces is

made:

Furnaces with
material in
contact with
fuel.

Heaps and stalls.

Shaft furnaces.

Kilns for lump
ores.

Reverb eratory <

furnaces.

With shaft.

Hearths

Muffle furnaces.

Converters.
\

I For fine ores.

r Fixed hearths.

Portion of fur-
nace moves.

Whole furnace
revolves.

Free falling
shafts.

Shafts with
shelves.

M al e t r a- type,
hand raked.

Mal6 tra-type,
mechanical
raked.

Hand raked.

Mechanica
raked.

[Operated by
blast.

Operated with
[ suction.

Heap roasting is rarel\- used and then only where

sulphurous acid may be freely emitted and lost.

Stalls somewhat relieve the injury done by sulphur-

ous acid.

Shaft furnaces are more used but desulphurization

is incomplete, especially with blende. They are used

in the Harz and at ^Mansfield.

Shelf furnaces have given diiK- ordinary results.

The Maletra-type furnaces arc used for roasting

pyrite and making sulphuric acid and give better re-

sults. With blende the results are not as good. With

these furnaces the original sul])hur content must be

high or the roasting will be liable to die out. In all

cases considerable sulphur is left in the ore.

Reverberatory furnaces have been greatly improved

and are discussed later.

MufHe furnaces give pure products but are very

costly of construction, repairs and operation. They are

•Translated and abstracted from the Revue de Metallurgie,
S, S. August, 1911, pp. 561-605. by H. B. Pulsifer.

the onl_\- ones used in Europe for the roasting of

blende.

Metallurgists and manufacturers have largely first

paid attention to the hearth and reverberatory fur-

naces and the improvements will be enumerated.

Converters have become especially useful for roast-

ing galena and have made a great improvement in the

metallurgy of lead.

IMPROVED CONSTRUCTION OF ROASTING FURNACES.

The greatest efiforts have been in the line of using

mechanical in place of hand labor. In spite of this

effort the old type of hand-stirred reverberatory still

persists, as at Trail.

Plans of a recent furnace constructed by Fraser and

Chalmers are given.

Besides mechanical rabbling the improvements in re-

cent construction are in capacity, structural perfection,

easier charging and improved heating, either by gas

or regenerative.

The first mechanically operated furnaces were those

invented by Black and Larkin, of Manchester, in i88o.

In this year the furnaces were for calcining, only, but

the next year, i88i, they took out a patent for desul-

phurizing furnaces as applied to copper and other ores.

Only in 1883 did MacDougall first use his furnace in

connection with lead chambers.

The original MacDougall had eight hearths and the

ore was raked from the center of one hearth across

to the edge and then on the hearth below from the

edge back to the center of the furnace. In 1904, after

a rather slow introduction, we find this furnace in

widespread use.

Other furnaces of this general type, each with par-

ticular improvements, are the Herreschoff, Repath and

-Marcy, Schorr, and Kleptko. Their great improve-

ment over the old Malctra type is in

:

a. Much less manual labor.

1.1. Uniform roasting.

c. Regular gas evolution.

d. Higher per cent of sulphurous acid in gas.

e. Better desulphurization.

The same improvements funiid in the shaft and

hearth furnaces are also made in the reverberatory

furnaces.

.\. Furnaces with fixed hearths.

a. Longitudinally dragged plows. O'Hara,

Brown, Ropp furnaces.

1). Rabbles on vertical axis. Edwards fur-

nace.

B. Movable hearths and fi.xcd rabbles.

a. Revolving hearth and fixed ralibles. Ib-un-

ton and Heberlein furnaces.
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b. Tilting hearths. Edwards furnace.

C. Revolving furnaces.

a. Axis horizontal. Bruckner cylinder.

b. Axis inclined. Oxland cylinder.

Muffle furnaces, especially for blende roasting, of the

old Hasenclever hand-raked type, are still preferred in

Europe. Other types are the Clever furnace with fixed

muffle and moving rabbles, the JXIacDouglas furnace

with moving muffle, and the Zellweger furnace into

whose muffle the rabbles are introduced at intervals.

A few details as to the capacity, mechanical moving,

charging and heating of some of the above-mentioned

furnaces are given. In the Oxland furnace at Laurium

the heat generated by the gas firing was so strong that

too much fusing of the charge and volitalization took

place. These four furnaces are being replaced by

some of the Brunton or Heberlein type.

As to the roasting of blende it is shown that the dif-

ferent requirements of European and American con-

ditions have developed different types of furnaces. In

Europe the need of complete roasting, costly fuel and

sulphuric acid manufacture demands muffle furnaces

and superimposed hearths ; either several hearths may
be in one muffle, or the muffles, each containing its

hearth, may be placed one above another. Plans and

details of the Delplace furnace, a type largely used in

Belgium and France, are given.

In America costly labor, cheap fuel and the wasting

of the gaseous products of the roasting has demanded

a mechanically raked furnace of the Brown type. The
Hegler furnace is, however, used if sulphuric acid is to

be made.

For the roasting of stibnite and the production of

antimony oxide the furnace of Chatillon, following the

French method, has proved a great advance over pre-

vious constructions. The new furnaces at Blesles are

described in detail with plans.

XEW METHODS OF RO.\STIXG.

The distinctly modern methods as carried out for

the roasting of lead and copper ores bv the Hunting-

ton-Heberleiii, Savelsberg, Carmichael-Bradford and

Dwight-Lloyd processes are now described at length

and illustrated with ample drawings.

At Pertusola, in Italy, experiments were conducted

with nearly all types of roasting furnaces from 1875
until 1898. when "converters" were first successfully

used. With this beginning the process spread rapidlv

to Braubach, Munsterbusch, and then to all parts of

the world.

The Huntington-Iieberlein jirocess begins with

roasting the ore or a mixture of ore and diluent in a

revolving hearth furnace and then charging this pre-

roasted material into a converter, where the process

is completed. In the first roasting, the sulphur, which

was originally at from 14 to 18 per cent, is reduced to

from 8 to 10 per cent. The limestone which was once

considered necessary for the roasting reaction is now
generally thought to be of physical benefit only, other

materials replacing it to no detriment in both labora-

tory and practical operations.

The converters, proper, still used in many parts of

Europe, are similar to the small ones used at Laurium,

which resemble slag pots on trucks and hold from i

to 3 tons. The more recent converters are of the pot

type and hold up to 15 tons; those used in America

holding from 8 to 10 tons. The latter converters are

not mounted on trucks, but are swung on trunnions

and dumped with cranes. These converters, or pots,

are placed in rows with one blast pipe serving all, the

flue above and tracks leading in from the pre-roasting

furnaces placed at one side.

The product of the Huntington-Heberlein roasting

may contain up to 3-5% sulphur from a charge orig-

inally of 16% sulphur; at JMunsterbusch the product

contains from 1.5 to 1.8% sulphur. The further ad-

vantage of the process is that it makes very little

matte in the blast furnaces and that their capacity is

doubled.

The Savelsberg process resembles Huntington-

Heberlein converting, but dispensing with pre-roasting.

Limestone and silica are mixed w;th the ore and this

is charged on top of a fire in the converting pot ; as

the reaction progresses more material is added until

the pot is full. At Munsterbusch one small unit will

roast 6 tons in 18 hours.

The Carmichael-Bradford process is used only at

Broken Hill. Australia, where gypsum is the diluent

and sulphuric acid is made from the gas.

Roasting by suction has been introduced into Europe

from America by the owners of the Huntington-Heber-

lein process, buying the European rights of tHe

Dwight-Lloyd continuous machines. At Bindsfeld-

hammer. near Stolberg, three annular horizontal con-

tinuous machines are in operation. At the same time

as the material is roasted the gas from the reaction

is saved and sulphuric acid is made by the contact

process. Pre-roasting, as for the Huntington-Heberlein

process, is first carried out, the cooled material going

to the bottom of the grate and other material still

red hot from the furnaces is fed on top to start the

combustion which progresses downw'ard induced by

the suction acting from below the grate. As the feed-

ing is continuous and the discharge is also continuous

the operation is easily and cheaply accomplished.

Australian concentrates and German galena is diluted

with limestone 'and silica for the roasting mixture,

while the original 13% of sulphur is reduced to about

3.5% in the finished product.

The following table is interesting:

Process.
Continuous rabbling.

H.-H.
Savelsberg.
Continuous suction.

Material
Raw ore,

Pre-roast
Raw ore.

Pre-roast

Tonnage per
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SMALL ELECTRIC FURNACE WITH HEAT-
ING ELEMENT OF DUCTILE TUNGSTEN

OR DUCTILE MOLYBDENUM.-

By R. WINNE AND C. DANTSIZEN.

There are many uses for a simple furnace which

can be run higher than the melting--point of iron, and

in which substances can be heated without taking up

either carbon or oxygen.

There have been a few special furnaces, electrically

heated, which are capable of fulfilling these conditions.

Of these, we may mention the following:

1. The iridium-tube furnace. This is very fragile

and extremely expensive.

2. A carbon-tube furnace with a porcelain tube

inside. This makes an excellent tube-furnace, but

calls for special transformers.

3. The platinum foil or wire-bound body of a fire-

clay or other refractory. This has been to the average

man the most easily accessible and most generally used

form of small furnaces for fulfilling the conditions.

But it has its limitations. Most serious of these are

the fact that the platinum is easily contaminated, and

that, except for small sizes, the winding is very ex-

pensive. Besides this, much of the work for which

these furnaces are used necessitates running the plati-

num perilously close to its melting-point.

4. The Arsem vacuum furnace\ in which a

graphite heater is used to generate the heat and in

which the oxidation is prevented by the vacuum. This

introduces carbon when very high temperatures are

used.

We will show in the following how two simple types

of furnaces have been made with a winding of ductile

tungsten or molybdenum. It is now possible to pro-

duce these substances in the form of wire or ribbon,

and their high melting-points and relatively low cost

adapt them admirably to the purpose.

CRUCIBLE FURNACE.

This consists of a helix of ductile tungsten or

molybdenum, supported by an alundum tube and pro-

tected from oxidation by a hydrogen atmosphere. The

container, for the charge to be heated, is a small cruci-

ble which is placed inside of the alundum cylinder.

The diagram. Fig. i, shows tlie furnace in vertical

section. IV is the heating wire, of ductile tungsten

or molybdenum. It is wound on G, an alundum cylin-

der which is molded plain inside and with a helical

groove on its outer surface. A is a Battersea crucible.

B is an inverted Battersea of which the bottom has

been cut off. C is the crucible bottom, used as a cover.

The bottom of /i, as well as the space between A and

B, is filled with powdered silica. Hydrogen is con-

stantly supplied to the furnace through the pipe D.

and iiurns as it escapes from the top of B. This gives

a protecting atmosphere for both the tungsten or

molybdenum winding and the object to be heated.

Current is supplied to the winding through two large

copper connectors, E,E.

An object to be merely heated, as for annealing,

may be inserted directly into the alundum cylinder.

Material to be melted is placed in a small crucible,

and this is let down into the alundum cylinder. An
especially nice crucible to hold the charge is made of

pure alumina.

A few dimensions and details of construction may
be of interest.

In the apparatus shown in Fig. i. the Battersea

crucible.? A and B are sizes O and / respectively. The
,.alundum body G consists of two cylinders placed end

to end. Each is 7.6 cm. high and 5.1 cm. inside

diameter, while the distance from one convolution of

the helix to the next is .95 cm. These alundum cylin-

ders may be obtained from The Norton Company, of

Worcester, Mass. The winding consists of 260 cm.

of square molybdenum wire, 1.27 mm. on a side. This

wire is first wound on a mandrel 3.8 cm. in diameter,

r:^

•Paper prepared for the 20th General Meeting of the American
Electrocliemical Society.

'Transactions American Electrochemical Societj', 9, 153-172
(1906).

J. Am. Chem. Soc, 28, 921-935.

Fig. 1.

and wire and mandrel are then heated up to about

8oo° C. Upon then releasing the coil, it expands to

the diameter of the alundum body, on which it can

then be screwed. The copper connectors, E,E, are 0.8

cm. in diameter, and the ends of the coil are simply

clamped in with set-screws. The copper connectors

and the hydrogen inlet tube are held in place in the

crucible wall to a mixture of powdered silica and

water glass, which at the same time prevents loss of

hydrogen.

This furnace can be safely run up to 1700° C. At

this temperature it calls for 25 volts and 45 amperes.

We have melted pure iron and made many iron and

other alloys in this furnace.

TUBE FURNACE.

This consists of a porcelain or alundum tube, wound

with tungsten or molybdenum foil. Around the tube

is a tight metal casing filled with powdered silica, and.
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to prevent oxidation of the winding, a hydrogen

atmosphere is maintained in the casing.

Such a furnace is shown in the diagram. Fig. 2, in

vertical length section. A is an alundum tube, 2.2 cm.

inside diameter and 46 cm. long. The casing D is

made of thin sheet iron and is oxy-acetylene welded.

The winding is a molybdenum ribbon, 0.184 mm. thick,

2.54 mm. wide and 445 cm. long. /,/, are heavy cop-

per leads, fastened to the ends of the coil by twisting

the latter about them. C is the powdered silica pack-

ing, F.F. is some asbestos wool, used to prevent the

escape of hydrogen at the ends of the casing. H and

G are hydrogen inlet and outlet tulies respectively. E

is a rubber stopper.

At this temperature it calls for 80 volts and 14.3

amperes.

The two furnaces above descrilied are adapted to

THE DIRECT PRODUCTION OF MOLYB-
DENUM STEEL IN THE ELECTRIC

FURNACE.-

Fig. 2.

heating the charge in an atmosphere of h)drogen. In

case it were desirable to heat in an oxidizing atmos-

phere, it would be necessary to replace the very porous

alundum by porcelain, as otherwise the furnace wind-

ing would become oxidized.

.\ brochure calling attention to its high-grade steel

has been issued by the Vulcan Crucible Co., Aliquippa,

Pa. Both the crucible and open-hearth furnaces used

Ijy this company are operated with natural gas which,

on account of its freedom from sulphur, is an ideal

fuel for the melting of steel. The acid open-hearth

steel which it makes does not contain more than 0.030

phosphorus and sulphur. The ignots are bloomed un-

der a forging hammer and are rigidly inspected for

anv defects before finishing. The company manufac-

tures chrome vanadium steel for all purposes requiring

great strength and endurance, especially for automo-

bile parts. Hecla vanadium steel is made__ for case

hardening, for oil-hardened gears and for tools. The

lirand known as Wolfram high-speed steel contains a

high percentage of vanadium and is carried in all

sizes, annealed and unannealed. The brand known as

Vulcan special vanadium steel contains a definite per-

centage of vanadium and is designed for all purposes

where the finest grades of carbon steel are used, and

is carried in all sizes, annealed. In addition to these

classes of steel, the company manufactures tungsten

magnet steels.

By E. T. DITTUS AND R. G. BOWMAN.

It is the intention of the authors to present in the

following paper a brief resume of the properties, uses

and methods of production of molybdenum steel, and

to describe in detail a series of experiments on the

production of molybdenum steel, direct from iron ore

and molybdenite, in the electric furnace.

The use of a sulphide ore of so active a metal as

molybdenum in comiection with the manufacture of

steel presents a number of problems. Foremost among
these are the complete reduction of the molybdenum

without serious loss, the diffusion of the molybdenum

through the steel to form a homogeneous product and

the elimination of the sulphur from the steel. The

process employed was one based on a reaction de-

scribed by F. M. Becket in U. S. Patent 855,157, and

is believed to be new.

The authors wish to express their hearty appreci-

ation and thanks to Professor W. G. Haldane and oth-

ers for the encouragement and assistance they have

given in carrying out the experimental investigations.

The desirable properties of molybdenum steel and

the expense involved in its manufacture by the meth-

ods at present in use, led the authors to search for

^ome reaction upon which could be based a process

for its direct production from its most common ore.

Without such a ]:)rocess any extended use of molyb-

denum steel, instead of tungsten steel, is very improb-

able. The reaction described by Becket appeared the

most simple and was, therefore, made the subject of

the investigations.

Tile production of steel direct from ore in the elec-

tric furnace is easily accomplished where the ore is

])ure. Certain impurities, particularly sulphur, are,

however, very difficult to remove from the metal. Small

amounts may be removed by the use of a basic slag but

this method is limited in its application since the fusi-

bility of the slag decreased rapidly with increasing

liasicity. For the reducton of molybdenite in the pres-

ence of molten iron it is necessary to have present

some substance which has a greater affinity for sul-

phur than either molybdenum or iron. The compound

formed by the desulphurizing agent and the sulphur

must either pass into the slag or be volatilized as soon

as formed. The two metals which seem best adapted

for use as desulphurizers, under these conditions, are

manganese and silicon.

Manganese in the form of metal or as the ferro alloy

reacts with sulphides at high temperatures according

to the following reaction

:

2Mn -f RS = R + 2MnS.

•Paper presented at the Twentieth General Meeting of the
American Klectrochemical Society, in Toronto, Canada, Sept. 21-
23, 1911. This paper includes extracts from a thesis presented
to the Colorado i^chonl of Mines.
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The manganese sulphide forms a slag resembling

iron snli)hitlc. If the above reaction takes place in a

liath of molten steel or iron the resulting metal is apt

to contain small included masses of manganese sul-

phide. Sulphur in this form has little effect on the

properties of steel. This reaction might be applied to

the production of alloy steels, such as molybdenum
steel, by adding a mixture of molybdenite and ferro-

manganese to the bath of molten steel just before

tapi)ing. This would result in the formation of ferro-

molybdenum and manganese sulphide ; the former al-

loying with the steel and the latter juissing into the

slag.

Silicon reacts with sulphides to form silicon sul-

phide, SiSo and liberates the metal of the original sul-

phide. This is the reaction described by Becket.^ The
reaction has been investigated by Fielding- who pro-

duced a yellow powder which sublimed at 1,500° C.

lit the alisencc of slag, which in the furnace would re-

move small amounts of sulphur which might tend to

])ass into the steel.

The experimental work of this thesis was under-

taken with a view to determine the feasibility of apply-

ing the Becket process to the production of molyb-

ilenum steel direct from iron ore and molybdenite in

the electric furnace. The problems presented were:

Mrst, the design and construction of a suitable fur-

nace; second, the production of a carbon steel by direct

smelting from iron ore
;
third, the addition of molyb-

denum to the steel and the elimination of the sulphur

of the molybdenite from the bath of metal. Of these

the third presents by far ilic greatest difficulty.

To accomplish the results desired it was necessarv

that the furnace fulfill the following requirements

:

The crucible walls should be of a neutral or basic ma-

terial, free from carbon ; the furnace should be easily

Fig. 1

and which decomposed water with the formation of

H2S and silicic acid. This compound did not corre-

spond to the formula SiSa. Sabatier'' describes a some-

what similar compound and suggests the formula

SijS^. The heat of formation of SiS„ is given by

Sabatier^ as +404-

This reaction might be applied to the production of

molbydenum steel in the same manner as the man-

ganese reaction described above. The silicon, in the

form of ferro-silicon, and the molybdenite should be

reduced to powder, intimately mixed in the proper

proportion to produce the reaction and added to the

steel in the furnace before tapping. The mixture

might be added in a soft iron tube or in small briquettes

made up with a binder of sodium silicate. Addition in

the ladle during tapping would probably result in

raising the sulphur content of the metal on account

'Comptes Rendus. 90, 819.
'Elec. Chem. & Met. Industn'. .'\"a:-. WOn.
=Bul.: de Soc. Cliein., Paris 2, 3S. 1,'):!.

Fig. 2.

charged and operated ; the electrodes should be capable

of a variety of adjustments; the furnace should be

capable of being readily dismantled for the purpose

of relining or making alterations. Since the best

method of heating could be determined only by experi-

ment, it was thought best to design a furnace capable

of being operated as a Girod, or with slight alteration,

as a Heroult furnace.

With the above mentioned requirements in view, two
furnaces were designed. These were essentially the

same in principle but differed in the proportions of the

crucible and in certain minor details. A detailed de-

scription of the design illustrated in Fig. i will suffice,

since this was the furnace finally adopted and used in

the investigations.

The crucible is elliptical in cross section and meas-

ures 6 in. x 9 in. x. 8 in. ( 15 x 23 x 20 cm.) deep. The
total volume of the crucible is about 360 cu. in. (5.5

litres), the volume of the smelting zone is about 90
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cu. in. (1.4 litres). The walls have a slight bosh to

effect a concentration of heat at the base of the

crucible. The crucible lining is of burned magnesite

obtained by crushing magnesite brick to pass 10 mesh

(2.5 mm.). The magnesite was mixed with tar to

form a paste and rammed in hot around a central

wooden form. The tar was burned out in the heating

up of the furnace.

The walls are built up of eight fire-brick sections of

special design, luted together with fire-clay and en-

circled by steel bands. These rest on a foundation

made up of two courses of standard fire-brick, with the

joints filled with fire-clay.

The cover for the crucible is a solid elliptical fire-

brick section 17 in. x 20 in. and 25^ in. (43 x 50X 53

cm.) thick, encircled by a steel band. The electrodes

enter through the slot in the center of the cover. This

slot admits of considerable lateral or angular move-

ment of the electrodes. The under side of the cover is

slightly concave. An asbestos gasket is placed under

the cover where it rests on the top of the furnace, and

small asbestos washers encircle the electrodes where

they pass through the cover.

The tap-hole is 154 in- (3 cm-) '" diameter, and is

well rounded at its point of entrance to the crucible.

A small hole i in. (2.5 cm. in diameter extends diagon-

ally from the top of the outer wall to the smelting

zone for the purpose of pyrometer readings and for

the escape of gases.

The hearth electrode consists of six yi-'m. (1.3 cm.)

rods of Swedish iron screwed into a %-in. (0.9 cm.)

plate of the same material. The plate is embedded in

the lining of the bottom of the crucible in such a posi-

tion that the upper ends of the rods are flush with the

inner surface. A copper strap 3/16 in. (0.5 cm.) thick

and 1.5 in. (4cm.) wide, bolted to the plate, extends

outside the furnace for connection to the source of

current.

The two movable electrodes are supported on a

frame above the furnace. The supporting frame is en-

tirely independent of the furnace proper and is there-

fore unaffected by expansion or contraction of the

walls. The electrodes are cylindrical graphite rods

1.25 in. (3 cm.) in diameter and 11 in. (28 cm.) long.

Each electrode is attached to a brass rod by means of

a collar clamp and cotter pin. The rod carries a rack

which meshes with a pinion mounted on the electrode

support. The electrode supports are mounted to slide

from right to left on the supporting frame. This

facilitates adjustment of the electrodes while the fur-

nace is in operation, and also allows the electrodes to

be pushed back out of the way when relining the

crucible. The support is so constructed that the elec-

trode may be swung about it as a center and inclined at

any angle. Ordinary pipe fittings were used as much

as possible in the construction of the frame and sup-

ports, since these give a light, strong construction, and

require no special castings or forgings. An electrode

support built entirely of pipe and fittings is illustrated

in Fig. 2.

The furnace illustrated in Figs. 2 and 3 dift'ers from

that described above in having a crucible of double the

depth described, i. e., 16 in. (40 cm.) and a different

arrangement of the rods in the bottom of the crucible.

This furnace was designed to operate continuously

with a column of cold charge resting on the molten

material, as in a shaft furnace.

This type of furnace may be operated as a Girod

steel furnace by connecting the two movable electrodes

in parallel with one side of the circuit and the hearth

Fig. 3.

electrode with the opposite side. The movable elec-

trodes may then be placed parallel vertically, thus

forming two arcs, or set to converge to a single central

point forming but one arc. To operate the furnace as

a Heroult steel furnace, the points of the rods in the

hearth electrode are covered with a layer of magnesite,

and the two movable electrodes are connected in series

with the circuit. The magnesite covering for the

hearth electrode need not be of any great thickness,

since there is but a slight tendency for the current to

cross through the iron plate after the charge becomes

molten.

The furnace is charged at the beginning of a run by

removing the cover and distributing the charge with

a trough or funnel. Additional material may be added

through the opening in the cover while the furnace is

running.
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Tlie small amount of coke in the charge used was

found to be sufficient to make the cold charge slightly

conducting, the resistance rapidly decreases with rise

of temperature, and the furnace may thus be readily

started on a cold charge, providing the walls of the

crucible are hot. The electrodes are forced down

through the charge to within a short distance of the

bottom of the crucible at starting. As the charge be-

comes hot, the electrodes are gradually raised until the

charge is reduced and the arcs play between the ends

of the electrodes and the surface of the slag. With the

current available it was found impossible to maintain

arcs below botli electrodes simultaneously for any

length of time. The best results were obtained by

raising and lowering the electrodes alternately at in-

tervals of two or three minutes, which cause the arcs

to alternate from one electrode to the other.

The capacity of the furnace as described is about

i,ooo gm. of metal per charge, or approximately 2,000

gm. of raw charge. A charge of 1,000 gm. was em-

ployed in several runs. This yielded 500 gm. of metal,

but this amount is too small to make clean tapping

possible.

Single-phase alternating current at 60 cycles, 25

volts, was employed. The amperage varied through-

out the run, but averaged 250 witli the arcs running

steadily.

An opening for pyrometer readings was provided in

the furnace, but no readings were taken. In a furnace

of this size a variation of temperature from cold ore to

the maximum smelting heat may be found in a space

of a few inches ; such a variation would make pyrom-

eter readings irregular and of little value.

The generator used in supplying current for the ex-

periment was a General Electric alternating current

composite-wound, having Ijoth slip rings and a rectifier

commuter for supplying direct current to the series

field. The name plate gives the following data : No.

2044, Type A, Class 10-30—1500. No load voltage

1040, Full load voltage 1155, Thompson-Houston

System.

The transformers were made by the General Electric

Co. No. 423052, Type H, Cycles 60, Form G, Volts

1,200, 2,400, 120,240. The transformation ratio was

lo-i. The primaries were connected in series with the

line and the two coils in parallel with each other, the

secondaries all in parallel with the line. This combina-

tion gave the best results. The amperage ranged from

0-500 with an average of 250, the voltage averaged 25.

The switchboard consisted of two ammeters in paral-

lel with each other and in series with the line, a volt-

meter in parallel, a circuit breaker, and recording watt-

meter. The ammeters were made by Westinghouse

Electric Co. 7,200 .alt. circuit, cap. 300 amps. The

voltmeter was a Thampson Portable machine, the cir-

cuit breaker an I. T. E. type W. 500 amps. The watt-

meter was a Thompson recording No. 104114, Type

M, Class 100-200 Form D,.

During all the work the generator was run with the

series coil short circuited across the brushes. This

protected the machine because any overload or short

would cause the voltage to drop due to the armature

reaction and reactance. A dead short would thus

cause the voltage to drop to zero and thus no harm

could be done to the machine.

The connections of the various pieces of apparatus

are illustrated in the accompanying diagram. Fig. 4.

The iron ore employed was a good grade of hematite

from the mines of the Colorado Fuel and Iron Co. at

Sunrise, Wyo. Two separate lots were used, the

analyses of which were as follows

:

Fe 66.06 per cent

AI2O3 1.52

SiOj 4.12

P 0.04

S 0.04

The ore was crushed to pass eight mesh (3 mm.)

and the fines were retained.

A quantity of very pure molybdenite from Yorkes

Peninsula, Australia, was obtained from the Foote

Mineral Co.

Fig. 4.

Analysis showed the material to be practically pure

MoSo with only a trace of impurity in the form of cop-

per sulphide.

Two lots of ferro-silicon were used, the analyses of

which were as follows

:

Fe 49.70 per cent

Si 50.00

S 0.005 "

C 0.20

The ferro silicon and molybdenite were ground to

pass thirty mesh (0.85 mm.) and intimately mixed in

the proper proportions to bring about the reaction

:

MoS, -f- Si = Mo -t- SiS„.

The proper amount of this mixture to give the de-

sired molybdenum content in the steel was enclosed in

a small paper tube and added to the bath of metal just

before reduction was complete.

The coke used was from Trinidad, Colo., and was

obtained from the North American Smelting Co., of

Golden, Colo., from whom the analysis was also ob-

tained.
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Analysis

:

Fixed carbon 77.70 per cent

Vol. and combust, mat.... 2.80

Ash 18.G6

Fe,0 1.23

Al:03 1.41

CaO 1.30

SiO- 6.59

S 0.47

Moisture 0.84

The coke was crushed to pass eight mesh (3 mm.)

and the fines retained.

Ordinary builders' lime was used as flux. The

analysis was as follows

:

CaO 92.67 per cent

MgO
Fe-Os, AW, 1.90

SiO= 1.34

P ,
0.06

The lime was crushed to pass eight mesh (3 mm.)

and the fines retained.

RECORD OF FURNACE RESULTS.

Run No. .5.

Charge

:

Iron ore 3,025 gm.
Coke 660 '

Lime 412 ']

Calculated iron content 2,000

Length of run 1 hr. 30 min.

Mean amperes 200

Mean volts 25

K. W 5

Metal obtained 1,''00 gm.
Calculated molybdenum con.. 2.5 per cent

Iron turnings were spread over the bottom of the

crucible and covered by a layer of coke, lime and

siliva to form slag and protect the iron. The metal

melted in 25 minutes but was kept molten in the fur-

nace for 15 minutes after fusion in order to burn out

the tar from new portions of the lining. This metal

was tapped cleanly and a charge sufficient for 500 gm.

of metal was added. This reduced in 20 minutes.

Molybdenite-ferro-silicon mixture sufficient to give a

content of 5 per cent Mo in the metal was added in

a paper tube just before reduction was complete. The

tap hole was opened but the metal was level with the

tap and only slag flowed out. The tap hole was again

plugged and a charge sufficient to give 1,000 gm. of

metal was charged.

Reduction was rapid and the charge was entirely

reduced in 30 minutes. Molybdenite mixture sufficient

to give a molybdenum content of 2.5 per cent in the

metal was added just before final reduction of the

charge. Since the bottom of the crucible appeared to

be sinking constantly, another charge equivalent to

500 gm. of metal was added and reduced in 15 min-

utes. This gave a total of 2,000 gm. of metal (calcu-

lated) in the furnace, with sufficient molybdenum to

yield 2.5 per cent in the total.

The tap hole was opened and slag flowed out freely

but no metal w^as obtained. The current was shut off

and the furnace allowed to cool. .\ solid mass of

metal level with the tap hole was found in the bottom

of the crucible.

The furnace was taken down and the entire lining

and bottom electrode removed. A solid mass of metal

weighing 1,700 gm. was obtained. The metal was mal-

leable and tough, and was broken with great difficulty.

When broken across the center the fracture was very

fine grained and dense at the center of the mass and

coarsely crystalline and full of small blow holes at its

ottter edges.

A section of the central portion of the mass, polished

and etched with picric acid showed a network of a

bright white constituent, probably a double carbide of

molybdenum and iron. A section in the coarsely crys-

talline portion of the mass showed a coarsely granular

structure

:

Analysis

:

C 0.62 per cent
Si 0.91

Mo 1.15

P 0.08

S 0.37

Run. No. 6.

Charge

:

Iron ore 756 gm.
Coke 163 "

Lime 103 "

Calculated iron content 500 "

Calculated molybdenum content... 2 per cent
Length of run 30 min.
Mean amperes 300
Mean volts 25
K. W 7.5

Metal tapped —
Description of run

:

The furnace was rebuilt and arranged as in Run 5.

The tap hole was given a slightly greater inclination.

Iron turnings were placed on the bottom of the

crucible and were melted in 30 minutes. The tar in

the new lining burned out very slowly and the molten

metal was therefore allowed to remain in the furnace

for one and one-half hours with the arcs running.

When the greater part of the tar was burned out the

metal was tapped and the charge added.

Reduction was rapid and molybdenum mixture suf-

ficient to give a molybdenum content of 2 per cent was

added. The walls of the crucible were crumbling and

the crucible was rapidly becoming too large to heat

properly. The magnesite from the lining made the

fused charge thick and pasty. An attempt was made
to tap the metal but nothing was obtained. The
crucible was now too large to work properlv but since

the bottom seemed to be sinking it was thought advis-

able to fill the crucible up to the proper level by the re-

duction of a large charge of ore. A charge corre-

sponding to 2,000 gm. of metal was added in small

amounts with the arcs running. Reduction was rapid

but not uniform owing to the increased size of the

crucible. By continual poking of the charge the whole
mass was finally fused but was not sufficiently liquid to

tap. The furnace was allowed to cool and a mass of

metal level with the tap hole was found embedded
firmly in the bottom. A small portion of this metal

was removed with tongs and proved to be very soft

and malleable and easily sawn or cut.

-A polished section etched with picric acid showed a

network of bright white lines in a ground of pearlite.

.'\nalysis

:

C 1.14 per cent
Si 1.23

P 0.03

S ...0.03
Mo 0.45
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Run No. 7.

Charge

:

Iron ore 1,512 gm.
Coke 320 "

Lime 206 "

Calculated iron content 1,000 "

Length of run 60 min.
Mean amperes 300
Mean volts 25
K. W 7.5

Metal tapped —
The crucible was re-lined. The electrodes were par-

tially consumed and, since no more of the sarne size

were at hand, were removed and replaced by ij^-in.

(3 cm.) rods. The arcs were started on the mass of

metal remaining from Run 6. When the furnace was

hot and this metal was molten, a charge was added

and quickly reduced. The tap-hole was opened, but

only a portion of the metal was obtained. The charge

was then found to have formed a scafYold across the

crucible. It was found impossible to smelt down the

semi-fused mass forming the scafifold with the small

electrodes at hand ; the furnace was therefore allowed

to cool and the material picked out.

The metal obtained in tapping had a coarse crystal-

line structure and was extremely hard and tough.

-A. polished section etched with picric acid and mag-

nified i8o diameters showed irregular branching fig-

ures of a bright white constituent in a ground of

granular pearlite.

.\nalvsis :

C 0.71 per cent
Si 2.14

(Large amount of scale in sample.)
P 0.04

S 0.025 "

Mo 1.95

Charge

:

Run No, 8.

Iron ore 1,512 gm.
Coke ; 326 "

Lime , 206
;;

Calculated iron content 1,000

Calculated Mo. content 5 per cent

Length of run 60 min.

Mean , amperes 300

Mean volts 25

K. W 7.5

Electrode consumption 65.0 gm.
Metal tapped —

The furnace was started on a small amount of

wrought iron punchings, covered by a little powdered

coke. These melted rapidly, and a small charge was

thrown in in small portions with the arcs running

freely. When the metal was all melted, the entire

charge was added and the electrodes embedded in the

cold material. The small rods employed in Experiment

7 had been replaced by full-size electrodes.

Reduction of the charge was rather slow. .\t the

end of 6o minutes an attempt was made to tap. Slag

flowed out freely and filled the mould, but the metal

would not flow. The tap-hole was closed and a strong

arc started to melt the mass of metal. Upon tapping,

a portion of the metal was obtained. This was tough

and malleable and had a very fine-grained structure.

The molybdenum mixture was added as usual just

before reduction was complete. When the arc was

started on the surface of the metal after tapping the

slag, a white sublimate formed on the electrodes and

the under surface of the cover. This was probably

IM0O3, formed by the oxidation of the metallic molyb-

denum in the steel, which was unprotected by slag.

A polished section of the metal tapped, when etched

with picric acid and examined under a magnification

of 180 diameters, showed a coarse network of the

characteristic bright white constituent in a mass of

pearlite.

.\nalysis

:

C 0.92 per cent
P 0.043 "

Si 1.10

Mo 2.15

S 0,036 "

Charge

:

Run No. 9.

Iron ore 756 gm.
Coke 163 "

Lime 103 "

Calculated iron content 500 "

Length of run 60 min.

Mean amperes 300

Mean volts 25

K. W 7.5

Metal tapped —
Calculated inolybdenuni content. .0.6 per cent

The furnace was started on the metal remaming in

the crucible. When the crucible was well heated, the

charge was added, and reduction was rapid. At the

end of 60 minutes an attempt was made to tap. Slag

flowed freely, but the metal would not flow. This was

due to a dam of metal formed just outside the tap-hole

from a leak in the clay plug.

The furnace was allowed to cool, and a mass of

metal weighing about 450 gm. was taken from the

crucible with tongs. This metal was very malleable

and tough and could be easily sawn and cut.

A polished section, etched with picric acid and exam-

ined under a magnification of 180 diameters, showed

the characteristic network of double carbide and in ad-

dition a mass of needles of a white constituent re-

sembling the carbide.

Analysis

:

C 0,54 per cent

Si 1.65

Mo 0.45

P 0,07

S 0,05

Run No, 10.

Molybdenum steel from molybdenite concentrates.

Analysis of concentrates (Woods Flotation Process) :

Mo 11.10 per cent

Co 0,72 "

S 15,00

SiO. 65.00

Molybdenum mixture (equivalent to 0.66 per cent Mo in

calculated iron).

Concentrates 100 gm.

Si-Fe 9,28 "

Lime 65.00 "

Charge

:

As in previous runs, equivalent to 1,500 grams calculated

iron.

Length of run 40 mm.
Mean amperes 250

Mean volts 25

K. W 6.25

Metal tapped 1.370 gm.

Furnace started on metal in bottorn. Charge added

in two portions and reduced rapidly. A tap was at-

tempted after the addition of the first charge, but the

metal would not flow. The molybdendum mixture was

added in two equal portions and was reduced almost

instantly. The tap was clean and the ingot obtained

was sound and free from large blow holes. The in-



472 THE CHEMICAL ENGINEER Vol. XIV. No. 5.

crease in molybdenum content in the metal over that As a result of the experiments which have been

calculated was probably due to a concentration of the carried on in Europe and the Sudan during the last

molybdenum in the metal reduced. three or four years, says the Egyptian Gazette, the

A polished section, taken from the center of the in- Sudan Government has definitely granted a conces-

got, when etched with picric acid and examined under sion, conferring a monopoly for the manufacture of

a magnification of i8o diameters, showed a fine net- so'id fuel from sudd for 17 years. The Government

worth of the double carbide and small isolated patches is to receive 10 per cent rebate on all fuel supplied

of the same constituent all in a ground mass of at the price charged to public consumers. The Gov-

pearlite. ernment is further to receive a dead rent of $1,250

. per annum, or a commission of 5 per cent on the

C 0.70 per cent net profits of the company, whichever shall be the

SJO2 1-20
^^ greater. The Government has allocated to the con-

p ' 0.10 " cessionaries the first ISO kilometers (93 miles) of

S O'^S ^p,g Baiij- el Gebel, starting from Lake No, in which

CONCLUSIONS. they are to have the sole right of cutting papyrus,

Since the results of the experiments herein de- um-soof, and other aquatic growth constituting

scribed, with the exception of runs Nos. 5 and 10, were what is commonly known as sudd. The Govern-

qualitative rather than quantitative, further experi- ment further gives a site of 25 acres for the purpose

ments would be necessary in order to determine the of erecting a factory, etc., in any place which may

loss and distribution of molybdenum. be selected by the concessionaries, where such land

Since no analyses were made upon the slag, it is im- may be available. The concession provides that the

possible to determine what proportions of the sulphur concessionaries shall supply the needs of all Gov-

were removed by the ferro-silicon and the slag. ernment services in preference to private consumers,

( 1 ) Molybdenum steel can be made in the electric and stipulates for a minimum output of 25,000 tons

furnace by the direct reduction of iron ore and the ad- per annum. It is understood that the plant to be

dition of molybdenum in the form of molybdenite, Put down is to have an output of double that

MoS^. amount.

(2) Molybdenum steel of low sulphur content can

be produced from molybdenite by the use of ferro- The total value of the gold, silver, copper and lead

silicon as a desulphurizer ' from the state of Washington in 1910, according to

(3) Molybdenum steel of low sulphur content can C. N. Gerry, of the United States Geological Survey,

be produced from molvbdenite in the form of low- was $968,249 against $448,966 in 1909. The output

grade concentrates by the use of ferro-silicon as de- for 1910 was the largest in gold, silver, and lead and

sulphurizer ^^^ smallest in copper for six years. The production

With regard to the design of a furnace for small of gold in 1910 was $788,145 against $362,051 in 1909;

scale operations, the foregoing experiments would in- that of silver was 205,345 fine ounces, valued at $110,-

dicate that: 886, against 79,488 ounces, valued at $41,334; that of

(I ) The Girod principle as used was superior to copper 86,918 lbs., valued at $11,038. against 255,134

the Herouh. 'bs., valued at $33,167; and that of lead 1,322,287 lbs.,

(2) A tilting furnace would be more effective than valued at $58,180, against 288,700 lbs., valued at

a stationarv furnace. $12,414. The number of producing mines in Wash-

(3) The tap hole on a stationary furnace should be ington increased from 11 placers and 35 deep mines in

made short, with a steep inclination. Ample provision 1909 to 21 placers and 55 deep mines in 1910. The

for heating the tap hole should be made. placers produced, however, only $3,859 in gold in 1910.

(4) Tar does not make a satisfactory binding ma- The deep mines produced 59,209 tons of ore in 1910,

terial for crushed magnesite. an increase of 22,901 tons over the output of 1909.

The Republic district, in Ferry County, produced the

greater part of the gold and silver in Washington,
Sugar beets in Canada from the 12,000 acres this

^^^ ^-^^^ -^ 5^^^^^^ County produced nearly all the
season are expected to yield 9,000 long tons of sugar,

^^^^^^ ^^^ ,^^j -pj^^ Republic district alone produced
agamst 7,771 tons from 10,500 acres last year. Canada

^^j^^ ^.^^,^^ ^^pp^^ ^„,j j^^j ^^1^,^^ ^t $813,686 in
imported 574,108,164 lbs. of sugar, valued at $15,110,-

"

740. in the fiscal year ended March 31, 191 1.

Rubber shipments over the Pan American Railway

The value of the mica exported from India during of Mexico during the fiscal year ended June 30, 191 1,

the fiscal year 1908-9 was $634,170, as against $774,- are given by Consul A. W. Brickwood, of Tapachula,

890 in 1909-10 and $944,915 in 1910-11. The mica as follows: To United States, 107,280 lbs.; United

mined in India belongs entirely to the variety known Kingdom, 15,182 lbs.; Germany, 127,623 lbs.; France,

as muscovite. 12,667 lbs.
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VOLUMETRIC DETERMINATION OF MER-
CURY.*

By CARL E. SMITH.f

Abstracts of a report by a committee of the Di-

vision of Pharmaceutical Chemistrj' of the American

Chemical Society have appeared in recent journals

(see American Journal of Pharmacy, 191 1, v. 83,

p. 186), the work reported on being a comparison of

various methods for the determination of mercury in

the medicinal compounds of this metal.

The purpose of these notes is to relate some recent

experiences with two of these methods, which are

probably the simplest and most reliable of those men-

tioned in the report, the Hempel method for mer-

curous and the Rupp method for mercuric compounds.

It is desired also to call attention to one other, which

is perhaps the best volumetric method available for

some purposes.

The writer's experience with the Hempel method,

in its application to calomel and mercurous iodide,

corroborates to a considerable extent the results of the

committee. The objectionable feature of it, noted by

several of the members, that long-continued shaking

is needed to bring the salt into solution, may be elim-

inated, it was found, by the simple change of adding

the idoine solution first, instead of the potassium

iodide. When this is done and the mixture at once

shaken vigorously in a stoppered flask, solution is ef-

fected very quickly. The final result is the same in

either case, as comparative trials have shown. It

seems advisable, also, to increase the quantity of sam-

ple, to lessen the experimental error, in the case of

calomel to about i Gm. The most satisfactory results

were obtained when working in the following manner

:

To about I Gm. of calomel, accurately weighed, con-

tained in a glass-stoppered 300 c.c. Erlenmeyer flask,

add 50 c.c. of N'/io iodine solution. Mix by rotating

until the salt is thoroughly moistened, then add a so-

lution of 2 Gm. of potassium iodide in 10 c.c. of water

and at once shake the stoppered flask vigorously until

solution is complete. Titrate the excess of iodine with

n/io sodium thiosulphate, using starch solution as

indicator, adding the latter when the liquid is nearly

decolorized. Each c.c. of n/io iodine solution con-

sumed corresponds to 0.02355 Gm. of mercurous

chloride.

A sample of calomel, practically chemically pure,

assayed by this method 99.5 to loo.o per cent, the

average of 6 determinations being 99.7 per cent, with

•Fror,-: the American .lournal of Pharmacy.
jLaboratory of the Powers-Weightman-Rosengarten Co.,

Philadelphia.

some variation in the working details. Practically the

same figures were obtained with yellow mercurous

iodide containing slight traces of impurities.

The criticism of the Rupp method, that reduction

of the mercury is not complete within a reasonable

time without the use of heat and that, when heat is

employed, the mercury is not easily dissolved after-

wards, is well founded, if Rupp's directions in outlin-

ing the method (Berichte d. d. ch. Ges., 1906, v. 39,

p. 3702) be taken literally as regards the quantity of

alkali to be used. While his directions lead to the in-

ference that only enough is required to combine with

the acids formed by the reaction, his figures in the

same paper show that he used a decided excess, not

less than 10 c.c. of normal solution for 0.2 Gm. of

mercuric chloride. The divergent opinions regarding

this method by the members of the committee are

doubtless due chiefly to dififerences in the quantities

of alkali used. When the above mentioned propor-

tions are taken, the reaction is almost instantaneous,

unless the solution is excessively diluted, and may
safely be regarded as complete within 5 minutes, with-

out heating. It will do no harm to use a still larger

excess of alkali or to let the mixture stand longer.

Shaken in a stoppered flask with the iodine solution,

the precipitate is then dissolved very readily. A large

excess of acetic acid is to be avoided, as it tends to

make the result too low, which is also the experience

of Mr. L. D. Havenhill of the committee. The best

results were obtained by carrying out the details as

follows : Dissolve about 0.5 Gm. of powdered mer-

curic chloride, accurately weighed, contained in a

glass-stoppered 300 c.c. Erlenmeyer flask, in a solu-

tion of 2 Gm. of potassium iodide in 10 c.c. of water.

Add 25 c.c. of normal caustic alkali solution and 6 c.c.

of 40 per cent formaldehyde solution. Mix by swirl-

ing the flask occasionally during 10 minutes, then

acidulate with about 5 c.c. of 36 per cent acetic acid.

Add 50 c.c. of n/io iodine solution and shake vigor-

ously in the stoppered flask until the mercury is dis-

solved. Titrate the excess of iodine with n/io sodium

thiosulphate solution, adding starch solution when the

liquid is nearly decolorized. Each c.c. of n/io iodine

solution corresponds to 0.01355 Gm. of mercuric

chloride.

Chemically pure mercuric chloride gave by this

method 99.8 to 100.3 P^'" cent, with an average of

100. 1 per cent in 5 determinations. Similar results

were obtained with mercuric iodide, oxide, ammoni-

ated mercury and mixtures of mercuric chloride and

ammonium chloride colored with aniline dyes. It is

the official method of the German Pharmacopoeia, 5th
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revision, 1910, for the assay of mercuric chloride tab-

lets and ointment of ammoniated mercurj'.

The third method alluded to above consists in the

titration of mercuric compounds, in nitric acid solu-

tion, with sulphocyanate in exactly the same way as

the titration of silver. It is not applicable in presence

of chlorides and probably not in presence of other

halogens. It was first made serviceable for accurate

work by R. Cohn {Ber. d. d. chem. Ges., 1901, v. 34,

p. 3502) and simplified by Rupp and Kraus (Ibid.,

1902, v. 35, p. 2015). For illustrations of its appli-

cation see below. The writer has no personal experi-

ence with this method, but his associates have found

it accurate and useful for the assay of technical mer-

curic oxide containing iron. The German Pharma-

copceia uses it for the assay of several galenical prep-

arations. For the convenience of any readers of this

journal interested in the subject, who may not have

access to this book, the assay methods for mercury

preparations prescribed therein are given here

:

Mercuric Chloride Tablets.—Composed of equal

parts of mercuric chloride and sodium chloride, col-

ored with aniline dye. Dissolve 2 tablets of about

I Gm. each, accurately weighed, in water and dilute

to 100 c.c. In 20 c.c. of the solution dissolve i Gm.
of potassium iodide, add 10 c.c. of a 15 per cent solu-

tion of potassium hydrate and 3 c.c. of a 40 per cent

solution of formaldehyde with 10 c.c. of water. After

one minute add 25 c.c. of 30 per cent acetic acid, 25

c.c. of n/io iodine solution, and shake until the mer-

cury is dissolved. Titrate the excess of iodine with

n/io sodium thiosulphate solution, using starch solu-

tion as indicator. Each c.c. of n/io iodine solution

consumed corresponds to 0.01355 Gm. of mercuric

chloride.

Ointment of Ammoniated Mercury.—Consists of 10

per cent of ammoniated mercury and white vaseline.

Heat about 5 Gm. of' the ointment, accurately weighed,

in a small flask with 2~, c.c. of 12.5 per cent hydro-

chloric acid on a water bath. ]\Iix frequently by ro-

tating the flask during 10 minutes. Pour the acid

liquid into a 100 c.c. flask, rinse the vaseline ana flask

repeatedlv with water and dilute the combined liquid

and washings to 100 c.c. Transfer 25 c.c. to a glass-

stoppered flask, add i Gm. of potassium iodide and

proceed further as directed for the assay of mercuric

chloride tablets. Each c.c. of x/io iodine solution

consumed corresponds to 0.01257 Gm.. approximately,

of ammoniated mercury.

Mercuric Salicylate.—Contains about 55 per cent of

mercury. Dissolve about 0.3 Gm. of the salt, accu-

ratelv weighed, in dilute sodium hydrate solution,

acidulate with acetic acid, and add 25 c.c. of n/io

iodine solution. Let the mixture stand in a closed

flask for 3 hours at room temperature, rotating it oc-

casionally. Pitrate the excess of iodine with n/io

sodiurn thiosulphate solution. Each c.c. of n/io iodine

solution consumed corresponds to o.oioo Gm. of mer-

cury.

Mercury Plaster.—Contains 20 per cent of mer-

cury; made with lead plaster, wool fat and yellow

wax. Heat about 3 Gm. of the plaster mass, accu-

rately weighed, with 20 c.c. of nitric acid, sp. gr. 1.38

to 1.40, in a flask having a wide neck and connected

with a reflux condenser. Heat about 10 minutes or

until mercury globules are no longer visible in the

sandy deposit of lead nitrate, add 25 c.c. of water and

heat again until the fat has separated, leaving the

aqueous layer clear. Cool and pour the solution

through a tuft of absorbent cotton into a 100 c.c. flask.

Break up the disk of fat, rinse it and the flask with

4 or 5 portions of 5 c.c. each of water and to the com-
bined liquids add potassium permanganate until per-

manently red or until brown flakes separate. De-

colorize or clarify the solution by addition of ferrous

sulphate solution and dilute to 100 c.c. To 25 c.c. of

the solution add 2 c.c. of a 10 per cent solution of

ferric alum and titrate with x/'io ammonium sulpho-

cyanate. Each c.c; consumed corresponds to o.oiooo

Gm. of mercury.

Mercury Ointment.—Contains 30 per cent of mer-

cury; made with wool fat, peanut oil, lard, and mut-

ton tallow. Proceed as direcetd for the assay of mer-

cury plaster, using about 2 Gm. of the ointment and

20 c.c. of nitric acid.

Ointment of Red Mercuric O.vide.—Contains 10

per cent of mercuric oxide; made with white vaseline.

Proceed as directed for the assay of mercury plaster,

using about 5 Gm. of the ointment and 20 c.c. of

nitric acid. Continue heating until the red color of

the mercuric oxide has disappeared. Each c.c. of

n/io ammonium sulphocyanate solution corresponds

to 0.0108 Gm. of mercuric oxide.

The factors given throughout these notes are based

on the atomic weights having 0==i6 as the standard.

If the volumetric solutions used are made by the

H^i standard, either the factors or the final results

should be multiplied by 0.992.

The production of copper in Idaho decreased from

9,115,489 lbs., valued at $1,185,014, in 1909, to 7,037,-

292 lbs., valued at $893,736, in 1910, but the production

of Custer County increased from 90,461 lbs. to 919,648

lbs., as a result of the operations of the White Knob
mine. True copper ores yielded 5,912,392 lbs. and

nearlv all the remainder was derived from the lead ores

of .Shoshone County. The production of Blaine

of the Gilmore and Pittsburgh Railroad, extending

from Amistead, Montana, to Salmon, Idaho. The

Yreka district, with a yield of 109.899,539 lbs., was

much the largest producer in Shoshone County and

in the state. The lead output of the Hunter district

was 34,319.919 lbs., and that of the Lelande district

72.840,963 lbs.

The production of gold, silver, copper and zinc in

Tennessee in 1910 was valued at $2,289,731, a decrease

of $305,619 from the corresponding value for 1909.
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COLORIMETRIC TEST FOR CARAMEL.*

Bv C. F. HALE.

Phaniiaceittical Chemist.

Within the past year the question of standardizing

the color of caramel has been engaging the attention

of pharmaceutical workers.

Dr. George A. Mengc recently sug-gested the

preparation of a standard solution of caramel by boil-

ing on a water bath for five minutes one-half gram of

sugar with 5 c.c. of a mixture of sulphuric acid 2 c.c.

and water 10 c.c. The resulting mixture, partially

cooled by the addition of 25 c.c. cold water, neutralized

with potassium hydroxide solution and finally to 100

c.c. forms the standard color with which to compare

commercial samples of caramel.

The standard that I have used for several years

seems to me to be one that is more readily applicable,

as the materials are always on hand and the method is

a simple and quick one. The method consists in match-

ing a given sample of caramel against a standard color

consisting of a nesslerized solution of ammonia. For

carrying out the test, make a stock solution of ammonia
oxalate by dissolving .0417 gm. of monohydrated am-

monium oxalate, in crystals, in i litre of distilled

water. Prepare the standard color by taking 10 cc. of

this stock solution, adding 38 c.c. of water and 2 c.c.

of nessler's solution.

Match the standard color with the caramel prepared

as follows : Dissolve i gni. of the caramel in water and

make up to i litre. Run the solution from a burette

into a nessler glass until, on dilution with distilled

water to 50 c.c, it exactly matches the standard color.

As an arbitrary standard, consider the standard

caramel as one of which o.oi gramme (represented by

10 c.c. of the diluted solution made up to 50 c.c. with

water) is required to match 50 c.c. of the color stand-

ard. Call this standard caramel loo per cent. Caramel

as found on the market will usually test around this

figure.

To obtain the colorimetric value of an)- other caramel

divide 100x10 by the number of c.c. of the tliluted

caramel solution required. For example, in a particular

test, 20 c.c. of the solution of the sample of caramel

were required to match the color standard. Then the

colorimetric value of the caramel sample equals

100 X 10

^ 50 P^t" cent. Tn other words, this par-

20

ticular sample was one-half strength. This strength

is a convenient one for making elixirs.

Among the advantages of this method I might men-
tion that the tints of the amrnonia solution and diluted

caramel solution are practically identical. The ma-

terials for making the test are to be found in everv

laboratory and the apparatus required consists simply

of a burette, pipettes, and two nessler glasses. The two

vials of liciuid before yoii show how similar these

solutions are in tint and illustrate the practicability of

tlie method. This method is particularly valuable from

the fact that it enables the operator to give a numerical

value to any given sam])le of caramel, a point of

importance in making purchases, as well as in the

manufacturing laboratorw

APPARATUS AND METHODS FOR THE
SAMPLING AND ANALYSIS OF

FURNACE GASES.*

By J. C. W. FRAZER AND E. J. HOFFMAN.

The furnace conditions prevailing both in small and

in large industrial establishments in this country are

frequently far from satisfactory. If such conditions

are to be improved, they must be more thoroughly un-

derstood, and means must be found to insure complete

combustion of the fuel, and yet to permit operation

with such an excess of air as will result in the greatest

efficiency.

.\ very important proljjcm is the determination of

the small percentage of unburneil combustible matter

that escapes from the furnace in the flue gases. Under
ordinary circumstances so little as .1 per cent

of unhurned combustible matter in a furnace gas is

equivalent to about i per cent of the fuel used ; and for

the determination of such small percentages of gas

more accurate and refined methods are required- than

have ordinarily been available heretofore.

It is the purpose of this paper to describe some
apparatus and methods which have proved satisfactory

to those engaged in the chemical work of the investi-

gations mentioned, and because the methods are so

very accurate, the abstractor thinks it advisable to re-

print much of the article as it was published.

CONTINUOUS SAMPLING.

The sampling of flue gases can usually be accom-

plished satisfactorily by using a perforated iron pipe

placed in the flue at the desired point. As the composi-

tion of the flue gases at any instant does not vary much
at different points in a given cross section, the easiest

method is to use a tube with 2 mm. perforations so

shaped that it will best distribute the points from which
the gas is to be drawn for analysis.

A coinmon method of collecting a sample is to at-

tach a large bottle filled with water to the outside open

end of such a sampling tube and then to allow the

water to escape at such a rate that the gas, which re-

places the water in the bottle, is collected in the de-

sired time.

The following method of sampling was devised to

obviate the difficulty of the solubility of certain con-

stituents, as well as certain other difficulties.

COLLECTION .\ND STOR.\GE OF THE S.-\MPLE.

The vessel should have a capacity of 150 to 250 cc.

If, when the vessel is in the position shown and is filled

•Read before the annual Convention of the Minnesota State
Pharmaceutical Association, Duluth. Minn., July 12, 1911.

•Abridged by B.
Mines.

B. Fieud from Bulletin ]:;, U. S. Bureau of
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with mercury, the stopcocks, and b, are opened the

mercury will flow from the lower tube. The gas will

then be drawn through the upper tube, enter the vessel

at c, and collect above the mercury. So long as the

surface of the mercury remains above c the same vol-

ume of gas will be collected in each equal interval of

the sampling period, so that the sample obtained will

be representative. The time required for a certain

amount of mercury to run from the vessel can be

varied from that taken when both (a) and (b)

(see Fig i), are completely open, to a period of from

8 to lo hours, or even longer, by attaching at (d) by

\J

.d

Fig. 1.—Gas Sample Collector and Container.

means of a rubber tube a short piece of glass tubing

drawn out to a smaller diameter. After the sample

of gas has been collected the tube above (a) is filled

with mercury from a small funnel whose stem has

been drawn out to a capillar}'. The vessel is then in-

verted and, by means of a rubber tube attached to a

mercury reservoir, the enclosed gas is put under a

pressure of about lOO mm. of mercury. When the

vessel is returned to its original position, as shown in

the illustration, the stopcocks (a) and (b) are mer-

cury sealed, and there is no danger of gas leaking into

or out of the vessel.

When it is desired to remove the sample for analy-

sis the vessel is again inverted and the tube above (b)

is filled with mercury and attached to the burette. By
means of the mercury reservoir previously used to put

the gas under pressure, the desired volume of gas is

forced out of the vessel into the burette. In case the

gas is to be measured over water, the tube above the

stopcock (b) is filled with water instead of mercury.

In order to facilitate the safe handling of these ves-

sels it is necessary to mount them in a portable stand

(see Fig. 2) and requently it is desirable to arrange

them in batteries of two to four each. The stand con-

Fig. 2.— Portable Stand for Gas Sample Container.

sists of the two uprights (A), supporting the two

shelves (B), and having iron rods (C) extending from

side to side through holes bored about 3 cm. from

each end of the uprights. The iron rods not only

strengthen the stand, but are convenient handles. The

shelves are divided longitudinally through the center

and holes for the tubes are made along these lines of

division. When filled with mercury the vessels should

be carefully supported at both ends. Therefore the

holes for the tubes are enlarged for a distance equal

to about one-half the thickness of the shelf, to receive

the tapering ends of the vessels, and the open spaces

around these ends are filled with plaster of paris. This

is done by filling the cavity in each half of the shelf

independently, so that the front half of each shelf may
be taken out at any time and a vessel removed without

disturbing the remaining ones.
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riiK w .\i'i-:k-i'(io:.i:i) s\Mri.i\c; iiiii.;.

The portiiMi nf the saiiipliiit; apparatus which is in-

trochiced into the furnace may he either a water-codled

metal lube, or better a water-cooled f|uartz tube.

A tvpe of water-cooled metal tube that has been

found satisfactory is illustrated by A, in b'is;'. .V The

inside tube. throu,c;h which the gas is collected, is kept

cool h\ cold water, which passes through the sur-

romuling tube and returns through the inside annular

compartment. When the inner tube is of quartz, the

onlv difference in construction is the use of asbestos

packing to insure a water-tight joint at each end. Con-

nect the end of the tube with a '4-in. lead I'ipe, which

is brought over to a table situated as near the furnace

as possible. By connecting the other end of the lead

pipe to an aspirator, a continuous current of gas may

IXST.W I'ANKOLS SAMI'l.ING.

Frc(|uentl\ it is desirable to ascertain the composi-

tion of gases at some ]>(>int in a furnace at a certain

detinite instant.

It was for the pnr|)i)se ui collecting instantanetius

sam|)les that the device shown in Fig. 4 was con-

structed. Tlie apjjaratus consists of a quartz sampling

tube, .A. of 100 cc. capacity, immersed in water con-

tained in the steel tube, Li, which is 1.2 meters in length

and 10 cm. in diameter. At each end of the vessel ter-

minates in a thick-walled (|uartz tube, i-mm. bore,

|)rovided with a sto]3-cock as shown. One of the tubes

(a) extends 150 mm. beyond the stop-cock and the

open end projects beyond the end of B. .\n enlarge-

ment (b) 60 mm. from the stop-cock, gives a firmer

i.

Fig, 3.— Arrangenient of Ap.;aratL.s fo

be drawn from the furnace. M the tabic the leadjMpe

is perforated at a convenient point and a glass tube of

small bore is inserted. This tube is connected directly

with the mercury-filled sample receiver, and the sam-

ple is taken from the current of gas flowing through

the lead tube.

It is advisable to use a tube with an inside diameter

of about three-sixteenths of an inch. In order to be

sure that the current of gas is flowing [jroperly through

the tubes, it is necessary to introduce a tra]) at some

point beyond that at which the sample is taken from

the lead pipe. The trap is simply a wash bottle con-

taining water through which the ,gas bubbles on its

way to the as])irator, the rate of bubbling roughly in-

dicating conditions in the tubes. Fig, 3 illustrates the

entire sampling system.

r Eamp.ing Furnare Gases.

hold for the cement of litharge and glycerin wuh

which the cavity in the cellar (c) is filled: in this way

(c) is fastened permanently to (a). The device for

opening and closing the sampling tube from the out-

side is made of brass and is supported by the two end

pieces E of the steel tube ( B ) . It consists of the brass

frame C, in which is supported the mechanism for

turning the stop-cock. This consists of the brass shaft

(h) on which is set the wheel (i) and. beneath the

frame, the brass plate ( 1 ) carrying four projections

(g), which fit around the handle of the stop-cock as

shown. In order to avoid straining the .stop-cock in

turning which might occur if (H) were not centered

above the stop-cock, the jiieces (g) are small rollers.

The face of the wheel (i) is threaded to enga,ge with

the threaded end of the brass rod (r). The piece (k)
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serves as a guide for the brass rod and affords a means

of adjusting the threaded end of the rod to the face of

(i). The adjustment is accomplished by having the

hole in (k) through which the rod (r) passes eccentric

to the bearing of (k) in C. A movable stop (m) can

be set to limit the rotation of (i) and the extent to

Fig. 4.—Apparatus for Taking Instantaneous Gas Samples.

which the stop-cock may be turned. The steel tube B
is threaded internally at each end to receive the thread-

ed steel pieces (p). which are tapped to receive bolts

which secure the end pieces (e).

OPERATION OF THE APP.ARATUS.

Before collecting a' sample, the end piece (e) which

is to carry the vessel A, is removed bv unscrewing the

bolts which bind it to B. The quartz tube is placed in

position and the nut tightened. During this operation

(c) is prevented from rotating by two small dowel

pins which enter holes provided for them in (e). By
trial (m) is adjusted so that when the rod (r) reaches

it the handle of the stop-cock is rotated 90°. It is

^-Ai-

Fig. 5.—Apparatus for Exact Gas Analysis.

customary to adjust the stopcock so that communica-

tion with A is established when (r) is against (m) as

shown. The withdrawal of (r) then closes the stop-

cock. Having the stop-cock properly adjusted, the end

piece (e) is bolted to B. and the latter is suspended

in a vertical position by a handle clamped on the other

end, and not shown in the illustration. While in a
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lirass Inisliint; ;it tlio upper end anil tinds its wav with-

out difficulty iiuo tlio hole in (k). The steel tube I"!

is filled with water tlirous^h (n), which is then closed

1)_\- a perforated rubber stopper, through which passes

a short glass tulie bent at a right angle and having its

projecting- end directed upward when the a])paratus

is ill use. This tube relieves the internal pressure

when the teni])erature of the water rises.

The apparatus is then taken to a vacuum pump and

placed in a horizontal position in two semi-circular

rests which prevent its moving while it is connected

with the pump. When the tube A is exhausted, and

while it is still connected with the pump, (r) is w-ith-

dravvn so far that the threaded end leaves (i) but re-

mains in {]<). This closes the stop-cock. The time at

which (r) and (i) become disengaged can be readilv

determined by the increased ease with which (r)

moves. The pump is disconnected, and as soon as con-

venient the apparatus is introduced into the furnace,

the open end of the tube (a) being placed at the point

from which the sample is desired. The stop-cock is

opened by pushing in the rod (r) until it is in contact

with (m) and after the short time required for (a) to

fill the rod is withdrawn and the stop-cock thus closed.

The sampler should remain in the furnace only about

30 seconds.

After removing the apparatus from the furnace, the

w-ater is drained from B, the rod is withdrawn, the nut

(d) is started to insure its subsequent easy removal.

and the end piece (e), carrying (a), is removed. Then

(d) is taken entirelv off, and after the two glass tubes

have been filled up to the stop-cocks with mercury the

sample in (a) is transferred to one of the holders il-

lustrated in Fig. I. Since it requires about 30 minutes

for the complete operation of collecting a sample in

this way, a series of samples is generally collected and

stored in the holders before making the analyses.

With the apparatus illustrated in Fig. 4 the amount

of water vapor accompanying a gas sample can be

easily determined by absorbing the moisture and

weighnig it. Likewise, the presence of traces of nitric

oxide in furnace gases has been shown by using a

simple modification of the method just described.

.\NALYSIS OF THE S.\MPLE.

The sample having been collected, its analysis is per-

formed most conveniently bv the method of Hempel.

While the ordinary Hempel burette is sufficiently ac-

curate for most purposes it does not enable the ob-

server either to detect or to determine changes in vol-

ume amounting to o.i cc. or less, since the error in

reading the burette itself cannot be less than this

volume.

It was to be able to measure all possible changes

in volume that the apparatus described below was de-

signed by the writers. Since this apparatus was de-

vised entirely independently and used for some time

before their attention was called to the work of Bleier

and of White, and since it is believed to possess cer-

tain advantages over other similar forms of apparatus,

its description is given here, but without making any

claim of priority as to its essential principles.

The apparatus, illustrated in Fig. 5, consists of the

burette A and the automatic compensating device B.

The measuring portion of the burette A and the whole

of the compensator B are inclosed in the water jacket

C. The measuring portion of the burette consists of

the two limbs (a) and (b) the graduated portions of

which are 66 cm. long and united at the top in an in-

verted Y-shaped connection to which a Greiner- Fried-

rich two-way stop-cock is attached. Through this

stop-cock communication can be made with either of

two short, thick-walled tubes of small bore, one of

which is connected with the compensating device. Out-

side the water jacket C, at the lower end, is a second

^' tube, each of whoso limbs is provided with a stop-

cock and attached to rubber connections to the pro-

jecting ends of the limbs (a) and (b) as shown. To
the lower end of the Y tube is attached heavy rubber

tubing connected with a mercury reservoir not shown

in the illustration.

The tube (a) consists of a series of 10 bulbs, each

having a capacity of 10 cc. between the two gradua-

tion marks iinmediately above and below it. The

straight glass tube (b) has an internal tliameter of

about 4.5 mm. and its graduated part has a total ca-

pacity of 10. 1 cc. The beginning of the graduated por-

tion of each limb of the burette is at (c). The com-

pensator B, while utilizing the principle of Pettersson

of counterbalancing the pressure of the gas to be meas-

ured with that of a constant mass of air occupying a

constant volume, is arranged in a somewhat different

form from Petterssons device. The confined air,

whose pressure at a constant volume is equalized by

that of the gas to be measured is contained in the bulb

(d) and above the mercury surface (e) in the tube

(g) which forms the lower termination of the bulb.

The glass tube (f) is connected at its upoer end

with one of the communications through the stop-

cock of the burette and is sealed into the top of the

bulb (d). Its other end extends nearly to the bot-

tom of (g) and opens beneath the surface of the

mercury. It is centered in (g) at two points—h,

which is 25 mm. above the surface of the mercury, and

k, about 50 mm. from its lower end—by three small

glass projections sealed on the outside of it at each

of these points. The diameters of the tubes (f) and

(g) are proportioned so that the distance from the in-

side of (g) and the outside of (f ) is as nearly as pos-

sible equal to the internal diameter of (f). The dis-

tance from the surface of the mercury in (f) to the

stop-cock of the burette should be as short as possible,

since the gas in this portion of the tube must be

drawn into the burette by decreasing the pressure. The

depth of mercury in the compensator should be suffi-

cient to require about one-third of an atmosphere ex-

cess pressure in the burette to force gas from the latter

into the compensator, but the quantity of mercury
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should not be so great that its expansion or contrac-

tion will cause an appreciable change in the volume of

the enclosed air. The tube ( f ) should extend nearly

to the bottom of the compensator in order to displace

as much mercury as possible.

The compensator may be filled so that the readings

on the burette are the correct volumes of the gas at

o° C. and 760 mm. pressure, or it may be closed under

known conditions of temperature and pressure and the

readings corrected to standard conditions. The latter

method is sufficient for most purposes, and when it is

used the compensator may be closed by replacing the

seal at ( m ) by a small tube and stop-cock.

OPER.VTIOX OF .\Pl'.\RATrS.

To obtain a reading of the volume of a gas in the

Inirette. draw nearly all the gas into the limb (a) and

adjusting the pressure to approximately that of the

atmosphere, the number of bulbs the gas will fill com-

pletely wlien at the pressure of the air in the com-

jiensator may be ascertained. Having determined this,

the mercury in the burette is brought exactly to the

level of the graduation beneath the last bulb complete-

ly filled in the trial experiment and the stop-cock at the

bottom of the limb is closed. The remaining fraction

of a bulb full of gas is then made to enter the limli

(b) and the two-way cock is turned so to place the

burette in communication with the compensator. The

pressure of the gas in the burette is then adjusted, by

means of the mercury reservoir, until the two surfaces

of mercury in the compensator are on the same level.

The pressure of gas in the l)urette is then equal to that

of the gas in the compensator. The stop-cock at the

bottom of (b) is then closed antl the reading of the

burette taken. To the reading is added the pre-deter-

mined capacity. K, of that part of the apparatus be-,

tween the graduated portion of each limb of the bu-

rette and the mercury meniscus in the tube ( f ).

The gases are measured in the moist condition. A\'ith

this apparatus a complete analysis of gas may be made
in the usual way by connecting the burette in turn with

various absorption pipettes. It is, however, more con-

venient and accurate to connect the burette permanent-

ly with the desired pipettes. By this arrangement er-

rors due to the repeated making and breaking of con-

nections are avoided. The entire system may be con-

veniently mounted on the same wooden support, and

for the analysis made thus far such an arrangement

has been employed.

A series of three pipettes is connected with the tube

D by means of fine capillary tubing in the manner gen-

erally employed with the Orsat apparatus. These pip-

ettes consist of a combustion pipette provided with an

electrically heated platinum coil of the type recom-

mended by L. M. Dennis, an absorption pipette con-

taining a solution of potassium hydroxide for the ab-

sorption of carbon dioxide, and a pipette containing

phosphorus for the determination of oxygen. In order

to avoid error due to the capacity of the connecting

tubes, these are made as short as i)ossible. and their

internal diameter is not greater than 0.4 mm.
The limb (b) of the burette on which the readings

are made is graduated in hundredths of i cc. and the

tenths of these divisions can be estimated quite accu-

rately. Experiments have shown that 50 to 100 cc. of

gas can be measured accurately to o.oi cc.

The above description of the manipulation of the

apparatus involves the use of a leveling bottle attached

to the lower Y tube. With care the pressures in the

burette and the compensator can be equalized accu-

rately by the use of the leveling bottle alone, but the

equalizing can be accomplished more rapidly and with

greater precision by making the final adjustments by

means of a screw plunger fitting tightly in its bear-

ings in a closed steel reservoir filled with mercury.

The steel reservoir has two openings, one connected

with the Y tube by means of a short piece of rubber

tubing, and the other connected with the leveling bot-

tle through a longer rubber tube. A glass stop-cock

is placed between the reservoir and the leveling bot-

tle, by means of which communication between the two

is cut off previous to the final adjustment of pressure

by means of the screw plunger. The steel reservoir

also serves as a trap for much of the dirt which be-

comes loosened from the inner walls of the connect-

ing rubber tubes, and would otherwise find its way into

the burette.

The production of copper in ^Montana decreased

from 312,058,011 lbs. in 190C) to 284,808,553 lbs. in

191Q, a loss of 22,278,460 lbs. The Summit Valley or

Butte district contributed all but 581,648 lbs. of the

total.

There were 5,079,446 short tons of ore from Mon-
tana sold or treated in 1910, a decrease of 341,739 tons,

or about 6 per cent. The production of copper ores,

which amounted to nearly 90 per cent of the total ton-

nage treated, declined 448,684 tons. Only 266,689

tons were treated in gold and silver mills, and 616,596

tons were shipped crude to smelters, but 4,170,114 tons.

or 82 per cent of all ore treated, were sent to con-

ccntratinsj mills.

Hardy S. Ferguson. Consulting Engineer, 200 Fifth

Ave., Xew York, estimates the amount of wood re-

quired to make one ton of newspaper as follows

:

.-Issiimf^tions.— (i.) One cord of wood will yield

I ton drv ground wood pulp. ( 2. ) Two cords of wood
will yield I ton dry sulphite pulp. (3.) In the paper

mill 22 per cent of the sulphite is wasted. (4.') In the

paper mill 8 per cent of ground wood is wasted, (a.)

Paper containing 25 per cent sulphite. One ton paper

requires — 25/98x2 -|- 75/92x1 = 1.32 cords. (b.)

Paper containing 22j^ per cent sulphite. One ton

paper requires — 22.5/98x2 + 77.5/98x1 = 1.30

cords, (c.) Paper containing 20 per cent sulphite.

One ton paper requires — 20/98x24-80/98x1 = 1.28

cords.
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TSalaiice of Courses in Clieiiiical Kngineeriiig 439 Paul, who has general charge of the rescue work. Mr.
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Produces Gas From California Crude Oils 4.52 '"ss of life and property from fires and explosions.

The Fixation of .\tmospheric Nitrogen 453 The circular describes the various types of appa-

Directions for tin. Recovery. Concentration and Testing ratus used by the bureau and gives careful instruction

of Ammonia 45(i as to the care this apparatus should receive when not
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Recent Progress in the Roasting of Sulphides 463 tions of rescue men at the mines. Air. Paul says : Men
Small Electric Furnace With Heating Element of Ductile twenty-two to forty-five years old, in good physical

Tungsten or Ductile Molybdenum 46-5 condition who are temperate in their habits and nat-

The Direct Production of Molybdenum Steel in the Elec- urally calm and delil)erate are best suited for mine res-

trie Furnace 466 cue work. Before a man undergoes training in the

Volumetric Determination of Mercury 473 "se of breathing apparatus he should be examined by

Colorimetric Test for Caramel 47.5 a physician to ascertain his physical condition, espe-

Apparatus and Methods for the Sampling and .Analysis of cially the action of his heart and lungs and any defects

Furnace Gases 47.j of the nose or throat. Unless a man has a physician's

Notes and Comments 481 certificate stating that his physical condition is good,
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ical Plants. in good order and have agreed to follow the directions of
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breathable gases within a mine the men should keep close toA recent circular issued by the Bureau of Mines de- „„g ^^^^^^^^^ ^„j „„j separate under any condition.

scribes the formation of rescue parties, and the use of To be efficient and successful a party must take every pre-

mine rescue breathing apparatus, in case of mine ac- caution for its own safety. If one person in a party faints

cidents.
°'' receives an injury he becomes a burden instead of a help,

„ , , . . . ..... for the entire party must at once conduct him to the sur-
So many of the instructions given in this circular face or to fresh air. One or two stretchers should always be

for the work of rescue in mines would be applicable at hand.

for the same purpose around manv of our chemical ^ '"'^''^^ station or base of operations should be established

plants. The quotations which are herewith given
^' ^^^""^ of the good air and a relief crew with ktiapsacks

r . . . , . , ,
... should be stationed there, ready to put on thetr apparatus and

from certain portions of the circular show its appli- ,tart at a moment's notice. A patrol of all brattice and doors
cability to chemical industries, and it is recommended leading up to the relief station should I)e maintained to pro-

that the superintendents in charge of chemical plants tcct the relief crew from harm,

secure the circular (Miner's Circular No. 4) and At each large mine there should be at least four crews, two

familiarize themselves witii its contents. '
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captain and a lieutenant, and these crews should have practice

There are many times when occasions arise in a once a week.

chemical plant due to a lireak in a pipe, a leak in a While working in dense smoke the members of a crew

furnace, or furnace-wall, or some similar accident, ^^o^^d hold a rope which leads to fresh air.

when noxious vapors escape into the air endangering J"
'^.^'^"^ '°*"' ^"''"7 °^ an apparatus to supply unbreath-

, ,. ,
00 ai,]p 3,,.^ (.fjg \vearer of the apparatus can throw away all parts

the lives of the men who have to make the necessary
,,„t „^^ ^^^^^^ ^y,i„j^,._ _^,,^, ^^^,.^j,,^ ^^^^^ ^^^ ^yli,,^^^
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through his mouth while endeavoring to reacli fresh air with

the rest of the crew.

Apparatus for giving oxygen to one who has been over-

come with gases is an essential part of the equipment of a

rescue party.

A telephone helmet is a convenience for shaft work, and

its presence lends much confidence to a rescue party. Electric

lamps, safety lamps, gas-analysis apparatus, thermometers, a

pocket compass, and a map of the mine are necessary parts

of the equipment.

At each training station a record should be kept showing

the work done by the men and the difficulties encountered. A

record of each apparatus should be kept also. If an appa-

ratus fails to give proper service it should be subjected to the

regular tests unless some injury is seen by inspection.

The United States Bureau of JMines has established a regu-

lar course of training in the use of mine-rescue breathing ap-

paratus. This training is designed to give miners or other

persons connected with mining a knowledge of breathing ap-

paratus in general, and a confident familiarity with those types

of apparatus which are most apt to be used in this country.

The purpose of the Bureau of Mines in establishing this

system of training is to facilitate investigative work within

mines in which disasters have occurred, and to make mine

owners and miners acquainted with the value of breathing ap-

paratus for rescue operations after mine disasters. It is hoped

that, as a result of this work by the Federal Government, in

the near future men familiar with such apparatus will be

scattered throughout the coal-mining centers of the country.

and be available on short notice to assist in rescue operations.

After a disaster, valuable time is often lost in training men

at the mine before rescue parties can be organized. Further-

more, a man cannot work efficiently unless he has thorough

confidence in the apparatus. To give a man this confidence,

the course of training has been planned in such a way that

he must do work in poisonous or unbreathable gases for pe-

riods of one and two hours at a time.

The British Indian Government six months ago em-

ployed a Ein-opean expert paper manufactin-er to come

out to India for the purpose of conducting a series of

investigations into India paper-making material at

the Imperial Forest Research Institute at Dehra. His

work has been so satisfactory- and is considered of so

much imjjortance that his services have been retained

for a further period of six months. The results of

his investigations have not been made public, but prob-

ably will be about the first of next \ear.

WAXT COLUiMX.

.'VNALVTICAL CHEMIST wanted, specializing in water

analysis, to whom we can send samples of water to deter-

mine metal corroding contents and determine a metal that

will resist the corrosion action for pump installation. The
.American Well Works, .\urora. 111.

C. L. PARKER
Solicitor of

CHEMICAL PATENTS
New York

Rooms 829-830 2 Rector St
Suite 46 McGlIl Building

Washineton, D. C.

AUTOMATIC

WATER
STILL

A serviceable gas distil-

ling apparatus.

Capacity 1-2 to 9-10

gallons per hour.

Cost per gallon 2.5 to

3 cents.

The Booth Apparatus Co.

Dillaye Building

Syracuse, New York
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A PLEA FOR REVISION OF THE RULES OF
THE AMERICAN CHEMICAL SOCIETY
GOVERNING THE PROXIMATE

ANALYSIS OF COAL.-

By MARIUS R. CAMPBELL.

The recent publicatinn by the West Virginia Geo-

logical Survey of all analyses of coals of that state

that have been made in recent years affords an op-

portunity for the comparison of results obtained by

different chemists in different laboratories. Such a

comparison shows clearly that, although these labora-

tories may be well equipped and the chemists follow

closely the rules laid down by the .\merican Chem-

ical Society for making pro.ximate analyses, the re-

sults are verv discordant and can not be relied upon

for determining the ccimparative values of coals or

for their classification. Heretofore the demands have

not been such as to require great accuracy in coal

analysis, but with the constantly and rapidly growing

practice of buying coal on specifications and the need

for a scientific classification of at least the high grade

coals, accuracy and uniformity of results become of

the utmost importance. The object of this paper i?

to call attention to these discordant results and to

urge that the American Chemical Society revise its

regulations, introducing such refinements that it will

be possible for any chemist to duplicate, within a rea-

sonable limit of error, the work of any other chemist,

even though working in a different laboratory.

The West Virginia report in question contains not

only all analyses made by the state, corrected and

brought up to date, but also 140 analyses of Pocahon-

tas and New River coals made at the Pittsburg labora-

tory of the United States Geological Survey. The

former are analyses of individual samples, but the

latter were made of composite samples and really rep-

resent the average of about 500 analyses.

In comparing these analyses it must be remembered

that they were not made on check samples, but merely

on samples obtained in the same mine but by dift'erent

collectors and in different years. Some may urge that

uniformity of results is not to be expected from sam-

ples collected in such a way, but in the present case

•Published by permission of Director of the V. S. Geological
Sll^ve^.
Levels and coal analyse.": Bull. W. Va. Geol. .Smyey No. 2.

Win.

the striking feature is not the irregularity of the re-

sults, but the almost phenomenal regularity of the fixed

carbon of the West Virginia analyses below those

made by the United States Geological Survey.

Differences of this kind in such a large series of

.-.nalyses effectually rule out the personal equation of

the sampler, difference in method of sampling and dif-

ferences resulting from samples being taken in dif-

ferent parts of the mine or coal bed, for errors of this

kind would be variable—sometimes one way and some-

times another.

The discrepancies in the results, therefore, must be

due to differences in laboratory equipment and meth-

ods of work. Recently it was found that the results

obtained in the Pittsburg and Washington laboratories

of the United States Geological Survey were not in

accord, and close investigation showed that the dift'er-

ence was due to the fuels used in these laboratories,

Pittsburg using natural gas and Washington using ar-

tificial gas. In the present case fuel does not seem to

enter into the (|uestion, as natural gas was used in both

laboratories. The writer has been assured by Dr. I. C.

White, state geologist of West Virginia, that his chem-

ist followed exactly the rules laid down by the Amer-

ican Chemical Society, and the same rules have been

observed by the chemists of the United States Geolog-

ical .Survey. Therefore the discrepancies in the re-

^ults are unexplainable at the present time, but doubt-

less they will be found to be due to some slight varia-

tion in practice or equipment, which apparently does

not conflict with the regulations but which leads to

very different results.

Table I shows the results obtained in the two labora-

tories on samples from 57 mines in the Pocahontas

and New River districts, grouped according to coal

beds. In order to facilitate comparisons the writer

has recalculated all of the analyses to the moisture-and-

ash-free basis, thus showing the actual composition of

the coal substance as well as a proximate analysis can

show it. Also, he has given the fuel ratio (fixed car-

bon divided by the volatile matter ) . as most American

classifications of the high grade coals are based on this

ratio.

From this table it will be seen that in every case, ex-

cept four, the fixed carbon in the Pittsburg analysis

exceeds that of the Morgantown analysis, and conse-

quently I be fuel ratios of the former exceed those of
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the latter. The average excess of fixed carbon for 29

analyses of Pocahontas Xo. 3 coal is 3.0 per cent, and

the average excess of fuel ratios for the same analyses

is I.I. The same average for the four analyses of

TABLE I.—COMPARATIVE RESULTS OF ANALYSES MADE BY THE
UNITED STATES GEOLOGICAL SURVEY A.ND THE WEST VIRGINIA

GEOLOGICAL SURVEY.
U. S. Geo- Excess
logical Sur- U. S. G.

vey, Pitts- W. Va. Geo- S. over

I burgh L?ib- logical W. Va.

i^
-d oratory. Survey. G. S.

o
.2-s .sti <-^:s 2-e-^^s.iit .^

Jerl Pocahontas No. 3 87.4 12.6 6.9 84.9 15.1 5.6

Empire
" " 86.0 14.0 6.182.2 17.8 4.6

2.5 1.3

tipire ODM ii.yj ly.i OL.^ It .0 -i.y^ 3.8 1.0

Hiawatha. " " 85.8 14.2 aO 83.0 17.0 4.9 2.8 1.1

Lick B'nch - " 85.8 14.2 6.0 81.8 18.2 4.5 4.0 1.5

Upland • '• 85.7 14.3 6.0 81.0 19.0 4.3 4.7 1.7

Wenonah " " 85.7 14.3 6.0 84.0 16.0 5.2 1.7 .8

Bottom Ck • "85.7 14.3 6.0 82.018.0 4.6 3.7 14

Shawnee ..
• " 85.6 144 5.9 81.7 18.3 4.5 3.9 1.4

Indian R'ge " " 85.6 144 5.9 81.5 18.5 44 4.1 1.5

Kevstone .

" " 85.6 144 5.9 82.3 17.7 4.6 3.3 1.3

P:ik Ridge. • " 85.6144 5.9 83.516.5 5.1 2.1 .8

Buckeye ..
" " 854 14.6 5.9 81.8 18.2 4.5 3.6 14

Roanoke .. " " 8.5.314.7 5.8 81.5 18.5 44 3.8 1.4

Pula-^ki ...
•

'• 85.2 14.8 5.8 82.6174 4.8 2.6 1.0

.Arlington .

- - 85.2 14.8 5.8 82.0 18.0 4.6 3.2 1.2

Peerless .. " " 85.214.8 5.8 82417.6 4.7 2.8 1.1

Shamokin .
" " 84.9 15.15.6 82.2 17.8 4.6 2.7 1,0

Louisville .
- " 84.8 lSi.2 5,5 80.2 19.8 4.0 4.6 1.5

Lynchburg. • " 84.715.3 5.5 83.0 17.0 4.9 1.7 .6

Powhatan .

" " 84.7 15.3 5.5 834 16.6 5.0 1.3 .5

.\shland .. " " 84.6154 5.5 80.7 19.3 4.2 3.9 1.3

Eureka ... " " 84.6 154 5.5 82.1 17.9 4.G 2.5 .9

Turkey Gap " "844 15.6 54 82.9 17.14.8 1.5 .6

W. P'hont's " " 844 15.6 5.4 79.6 20.4 3.9 4.8 1.5

.A,ngle .... " " 84.3 15.7 5.4 80.1 19.9 4.0 4.2 1.4

Coaldale ,, " " 84.215.8 5.3 80.7 19.3 4.2 3.5 1.1

Delta .... " " 84.2 15.8 5.3 82.9 17.1 4.8 1.3 .5

McDowell. " 83.7 16.3 5.182.117.9 4.6 1.6 .5

Goodwill .
" " 83.2 16.8 4.9 82.2 17.8 4.6 1.0 .3

North Side " No. 4 85.7 14.3 6.0 83.0 17.0 4,9 2,7 1.1

Slab Fork.. Becklev 85.7 14.3 6.0 82.9 17.14.8 2.8 1.2

RaleighNo,3 " 84.2 15.8 5.3 83.3 16.7 5.0 .9 .3

Pinev No. 4 " 83.516.5 5.182.6 17,4 4,8 .9 .3

Piiie'v No. 2 • 81.618.4 4.5 80.6 19.4 4.2 1.0 .3

Laurel Cr'k Quinnimont 83.2 16.8 5,0 81.0 19.0 4.3 2.2 .7

RppchwooH " 81.118.9 4.3 78.8 21.2 3.7 2.3 .6

J.B.&B.N0.2 Sewell 834 16.6 5,0 80.2 19.8 4.1 3.2 .9

Tamroy .. " 82.5 17.5 4.7 80419.6 4.1 2.1 .6

LanarkNo.3 " 82,2 17.8 4.G 79.0 21.0 S.S 3 2 .8

Sprague .. " 82.117,9 4,6 80.9 19,14,2 1.2 4
RalcighNo.5 '• 81,7 18,3 4.5 81,3 18,7 43 .4 .2

Prosperity. 81.5 18.5 44 81.5 18.5 44 0.0 0.0

Derryhalc .

' 814 18.6 4.4 76.6 23.4 3.3 4.8 1.1

Price Hill .
" 80.7 19.3 4.2 78.9 21.13.7 1.8 .5

Oswald ... " 804 19.6 4.1794 20.6 3.8 1.0 .3

Wingrove .
" 804 19.6 4.1 81.1 18.9 4.3— .7— .2

Sugar Cr'k " 80,3 19.7 4.179.2 20.8,3.8 1.1 .3

Sun " 80.3 19.7 4.178.7 21.3 3,7 1.6 4
Star • 79.9 30.1 4.0 78.0 22.0 3.5 1.9 .5

Sherwood. " 79.9 20.1 4.0 804 19.6 4.1 — .5— .1

Turkey K'b " 79.6 204 3.9 77.8 22.2 3.5 1.8 4
Prudence .

" 79.120.9 3.8 77.7 22.3 3.5 14 .3

Hnrvev .. " 784 21.6 3.6 764 23.6 3.2 2.0 .4

K'neys C'k " 77.5 22.5 34 73.7 26.3 2.8 3.8 .6

Parral ... " 77.5 22.5 3.4 76.2 23.8 3.2 1.3 .2

Stuart.... " 77.122.9 3.4 77.7 22.3 3.5— .6— .1

Smokeless. " 76.193.9 3.2 72.3 27.7 2.6 3.8 .6

Av. for Pocahontas No. 3.8.5.1 14.9 5.7 82.1 17.9 4.6 3.0 11
Av. for Becklev 83.8 16.2 5.2 824 17.6 4,7 14 .5

Av. for Quinnimont 82.2 17.8 4.6 79.9 20.14.0 2.3 .6

Av. for Sewell 80.119.9 4.1784 21.6 3.7 1.7 4

Becklev coal are 1.4 per cent and .5, and for Quinni-

mont (Fire Creek) coal 2.3 per cent and .6. In the

case of the Sewell coal the work of the two labora-

tories is more accordant, but even here in 17 analyses

the fi.xed carbon of the I'ittsburg analyses is higher

than in those made at Morgantown ; three show the

excess on the opposite side, and in one the same re-

sults were obtained in both laboratories. The average

excess of fixed carbon for the whole number of

analyses of this coal is 1.7 per cent and the average

excess for the fuel ratio is .3. The average excess

for the entire list of 57 analyses is 2.6 per cent for

the fixed carbon and .7 for the fuel ratio.

Similar comparisons may be made of analyses from

the various laboratories of the United States Geological

Survey and the Morgantown laboratory of the West
\'irginia Geological Survey as shown by Table II.

TABLE II.—COMPARATIVE RESULTS OF ANALYSES MADE IN V.^RIOUS
LABORATORIES.

^ 1. U. S. G.2. U. S. G.3. \V. Va. G.4. U. S. G.
.S S. Pitts- S. James- S. Morgan-S. St. Louis
S burgh Lab. town Lab. town Lab. Lab.

r " •-

"O S." ~ - .'
v c

.•V C:
Qj ^ .u- ^ . V cs i^. ; o c - i! , ;

^' £ o '-S i . •

76.123.9 3.2

E
n

Ru!,h Run.... 79.5 20.5 3.9 79.6 204 3.9

Hemlock H'w.83.7 16.3 5.181,3 18.7 4.3

Pinev No. 1..82.3 17.7 4.6 81.7 18.34.5

Raleigh No. 1.84.5 15.5 5.5 82.8 17.2 4.8

Sun 80.3 19.7 4.1 78.7 21.3 3.7 774 22.6 34
McDonald .... 77.8 22.2 3.5 76.7 23.3 3.3

Brooklyn 76.5 23.5 3.3 74.5 25.5 2,9

Star 79.9 20.14.0 79.2 20.8 3.8 78.0 22.0 3.5

Derrvhale ....81.4 18.6 4.4 80.119.9 4.0 76.6 234 3.3

Smokeless ... .76.1 23.9 3.2 74,5 25.5 2.9 72.3 27.7 2.6

Zenith 84.2 15.8 5.3 80.4 19.6 4.1

Turkey Gap... 844 15.6 54 83.0 17.0 4.9 82.9 17.14.8
Lick 'Branch.. 85.8 14.2 6.0 82.7 17.3 4.8 81.8 18.2 4.5

Average excess
of analyses 1

above analy-
ses 2 1.4 —1.4 .5

.•\verage excess
of analyses 2

above analy-
ses 3 :.. 1.5—1.5 .3

Average excess
of analyses 3

above analy-
ses 4 1.2—1.2 .3

In this instance the number of cases is less, but the

figures given in the table, with the exception of those

from West Virginia, are the averages of from three to

ten analyses. Inspection, of the table shows that the

highest fixed carbon was obtained in the Pittsburg lab-

oratory, the second highest in the Jamestown labora-

tory, the third highest in the Morgantown laboratory,

and the lowest at St. Louis. The difference between

the average for the various columns i, 2, 3 and 4 is

remarkably regular, ranging, as given in the table, from

1.2 to 1.5, but in making this comparison only those

coals common to the columns being considered have

been taken into account. When, however, the other

analyses are compared a similar difference will be

found to exist. Thus, in the Rush Run analyses the

difference between column 2 and column 4 is 3.5,

whereas the average difference between these columns

is 2.7; in the Sun analyses the actual difference be-

tween columns i and 3 is 1.6 and the average is 2.9;

and in the Zenith analyses the actual difference is 4.1

and the average 3.S.
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The figures given in Tables 1 and 11, while not thor-

oughly conclusive, seem to indicate clearly that each

laboratory has a different equipment, or that each lab-

oratory staff interprets the rules of the American
Chemical Socfety in a slightly different manner from

that of another laboratory. -The conclusion seems to

be clear that the American Chemical Society should

frame such a set of rules and regulations that differ-

ences like the above would be impossible and the work
of any high grade laboratory could be compared

directly and contidently with that of any similar labora-

tory in the country.

EFFLORESCENCE ON BRICK WORK.*
By A. F. GREAVES-WALKER.

W'herexer brick arc used for building purposes,

brick walls will be noted which are covered or partially

covered with a film of scum. This scum is generally

white, but may be yellow or green.

It appears at its worst on red brick walls, but may
be seen more or less plainly on brick of any color.

When the walls are new it appears as white blotches

at various places. Later it may come out all over the

building, giving the brick work a faded or dirty ap-

pearance. In a few years a red l)rick building so

affected will take on a faded pink ai)]jearance which

will stay with it forever.

The scumming is always worst near the eaves and

downspouts, and under the window-sills and water

table. This is caused by leakage of rainwater between

the roof and trough and from the downspouts, and

through the catching of the water by the sills and

water table which consec|uently soaks into the brick

beneath.

The scum is simply a film of soluble salts carried

from the interior of the brick to the surface by the

water which they absorb, and left there after it evap-

orates.

This scum is generally composed of sulphates, al-

though it may be composed of any other soluble salt.

Chlorides are found in seacoast clays and alkalies in

clays of the western arid region.

In the clays of this country, the scum causing salts.

in order of their abundance are

:

CaSO^ calcium sulphate.

MgSOj magnesium sulphate.

K^SO^ potassium sulphate.

Na„S04 sodium sulphate.

FeS04 ferrous sulphate.

.\I,(SO'4)., aluminum sulphate.

Often all of these occur in a single clay, especially

if it has been weathered and subjected to the attack

of decomposing pyritiferous minerals.

.\11 of the above salts are very soluble except cal-

cium sulphate, which is soluble i : 400. Hut this is

great enough to completely ruin face brick in which if

occurs, as the surface is small in coni])arison with the

weight. This particular salt, in fact, is probably re-

*From (he Journal of Indiislri:il anil ICii^^ineei'inK Cbcniistr>'.

sponsible for half the ruined walls in this country.

The sulphates of soda, potash and magnesia will

often cause scum when present in the most minute

quantities. As little as o.oi per cent of any on«t of

these salts has been known to ruin face brick.

There are four ways in which salts are incorporated

into the brick

:

( I ) Soluble salts in the clays or other materials

used.

( 2 ) Soluble salts in the water used for tempering

the clay.

( 3 ) Soluble salts formed in kilns by oxidation of

minerals in clay, or by reaction of sulphurous kiln

gases on clay.

(4) Soluble salts introduced into brick after burn-

ing, principally from mortar.

.\ great majority of clays contain soluble salts, some

large quantities, others but a trace. Surface clays are

more likelV to have a high content than the older de-

])osits. Trouble is encountered in all parts of the

world from this source.

Probably 75 per cent of the scumming comes from

this cause.

Often materials are mixed with clays that carry

soluble salts into them. Examples of this are the

brick made around London. Eng.. in which ashes are

used to reduce shrinkage, and brick made along the

Hudson in which coal slack is used to aid in burning.

In both of these cases the soluble salts in coal add to,

if they do not entirely produce, the scum.

In clays that vitrify scumming can be overcome by

burning them to a vitrified body, in which case the

salts form silicates and become harmless.

The water used for mixing and tempering mud
brick often contains soluble salts. This, of course,

produces the same eft'ect as if the clays contained

them. Many good clays are injured in this way.

The formation of soluble sulphates in the kiln is a

very common trouble. It is often encountered with

clays that contain practically no troublesome ingredi-

ents before being fired.

In many cases there is really no excuse for trouble

at this stage. It is simply a case of ignorance on the

part of the brickmaker or poorly designed kilns and

stacks.

When a kiln is set and the heating up process started,

the ware contains considerable moisture. If good

judgment is used and the fires are kept at such a stage

that only so much of the moisture is being driven oft'

as the sluggish draft of a cool stack will carry oft",

trouble is not likely to occur; but if the moisture is

driven oft' more rapidly than the stack can handle it,

it is precipitated on the ware again, when it absorbs

sulphur from the gases and forms sulphuric acid.

This acid attacks the carbonates and other less -nhible

salts and forms soluble sulphates.

There is no doubt that considerable trouble is caused

by the mortar in which the brick are laid. Poorly

mixed mortar is dis.solved bv the rain water and the
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salts carried into the brick, oolv to be brought to the

surface later. It is therefoiu \hvays important to

take great care with the mortar.

Methods of Overcoming Scum.—Many methods are

employed to overcome or prevent scum. It is possible

to do this in nearly every case, but is often impossible

on account of the low selling price of the ware. Where
facing brick or other wares are made by the wet proc-

ess or the ware is vitrified, there is practically no ex-

cuse for trouble.

The preliminary treatment is the principal method

of overcoming or preventing scum. This is done by

treating the clay or treating the water used.

Treating the Clay.—Clays that contain soluble salts

can be washed before using and the salts leached out.

This may be done by treating piles of clay, after min-

ing, with water and then allowing them to dry. This

method is only possible where high-priced ware is

made. Clays are often allowed to stand in piles for

from six months to a year, in which case the rain and

snow do the same thing.

In many clays the above methods will only cause the

trouble. This would be the case where a clay did not

contain soluble salts originally, but upon exposure to

the weather insoluble salts were converted into soluble

salts. This would be the case with pyritiferous clays.

Chemical treatment is very often resorted to. This

is accomplished in clays made up by the wet process,

by adding, to the water used, such chemicals as will

precipitate the soluble salts and form harmless by-

products, such as BaSO^. Barium salts are the favor-

ites with which to accomplish this reaction, but others

can be used. Barium chloride and carbonate are most

commonly used. When these barium salts come in

contact with soluble sulphates, barium sulphate is

formed, which is practically insoluble in water.

In case soluble soduim compounds are present, the

addition of the above-mentioned barium salts would
form either NaXOg or N^Cl, both of which are solu-

ble. However, they are so soluble that they would be

readily washed from the surface of the ware bv the

rain as soon as they formed.

According to Gerlach, a clay containing o.i per cent

CaSOj, which is 0.4 gram per pound, would require

0.6 gram of BaCOg to perform the reaction. How-
ever, 6 or 7 grams should be added to every pound of

clay for safety. This would mean practically 100

pounds per 1,000 brick. If BaCL is used, but 26

pounds are required per 1,000 brick. However, when
BaCL is used, close to the theoretical amount must be

added, for if added in excess it will form a scum itself.

This method cannot, of course, be used in the dry

press process, where no water, or at least very little, is

added, as the barium or other salts must be used in

solution to do the required work.

Treating the Water.—When it is necessary to use a

water that contains injurious soluble salts, it is simply

necessary to precipitate them before adding the water
to the clay.

Alany good clays are being ruined by bad water,

when it needs but a few hours of a chemist's time to

rectify the trouble.

Preventing Scum by Correct Drying.—Scumming is

often caused by incorrect drj'ing of the ware. If

ware containing soluble salts is placed in a drier and

allowed to sweat slowl}-, the chances are all in favor

of scvmimed ware, whereas, if the water is carried

away from the surface of the ware as fast as it ap-

pears, this will not often be the case.

It is a remarkable physical fact, not yet fully ex-

plained, that where a clay contains soluble salts, they

are not deposited on the surface at all, or at least to a

less degree, where the drying is steady and rapid, than

where it is slow and discontinuous. It seems that

rapid drying causes the water to come through the

pore channels of the clay as through a filter and a sort

of osmosis is set up. by which the saline matters are

retained inside the mass of the clay, while the water

escapes as vapor from the outside. But where the

drying is slow the salts get through this barrier and

arrive on the surface plentifully.

It is therefore only necessary that brickmakers, in

order to avoid trouble from this source, build good

driers and install in them hygrometers by which their

operation can be controlled.

Many other methods are used to prevent this trou-

ble. Some of them, however, have but temporary

effects.

One of these is to paint the surface of the scummed

ware with oil, which for the time being covers up the

scum. This is really practicing a fraud, for while the

ware does not show scum when put into the building

it shows up as soon as the oil evaporates.

Another method is to paint one surface of the un-

burned brick with a heavy oil or tar. This prevents

evaporation from that surface, the salts being carried

to the other surfaces. The oil or tar is burned off

in the kiln, leaving a clean face. This, too, is only

temporary unless the brick is vitrified, as otherwise

the salts will be drawn to the clean surface after a few

soakings.

According to an official publication of the Dominion

of Canada forestry branch of the department of the

interior, the original timber area, omitting semitreeless

lands, was approximately i ,900,000 square miles
; 98,-

000 square miles have been cleared for settlement,

and 100,000 square miles have been cut over by lum-

bermen, leaving a timbered area yet untouched of

1,702,000 square miles. Assuming the average of

3.000 ft. per acre, there should yet remain 3,279,000,-

000,000 ft. of timber in Canada at a very conservative

estimate. The highest estimate that has been made
hitherto, that given by the conservation commission,

places the amount of saw timber and pulp wood in

Canada at 494,600,000,000 ft. and 1,100,000,000 cords,

respectively.
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45TH MEETING OF THE AMERICAN CHEM-
ICAL SOCIETY.

The fofty-hfth meeting of the American Chemical

Society will be held at Washinsjjton, D. C, December

27 to December 30. The headt]uarters for the meeting

will be at the New Raleigh, corner i'ennsylvania Ave.

and 1 2th St. The meetings of the society will be held

in the McKinley Manual Training School, corner 7th

St. and Rhode Island Ave. The following program

has been announced

:

TUESD.-^V, DICCKMBER 26.

Meeting of the Council at 2:30 p. m. at New Raleigh

Hotel. Meeting of Council at 8:00 p. m. at New
Raleigh Hotel.

WliDNESDxW, DECEMBER 27.

9:30 a. m.—Meetings of the Biological, Fertilizer,

Pharmaceutical and Organic Divisions.

Joint meeting of the Section of Chemical Education

and the Physical and Inorganic Chemistry Divisions.

G€neral Assembly Hall.

A. A. Noyes, Chairman. "The Teaching of Physical

Chemistry."

W. D. Bancroft, ''Physical Chemistry in the Intro-

ductory Course."

H. C. Jones, "The Introduction of Physical Chem-

ical Conceptions in the Early Stages of the Teaching

of General Chemistry."

Louis Kahlenberg, "The Teaching of Physical Chem-

istry."

J. Howard Mathews, "Some Applications of Color

Photography in the Teaching of Physical Chemistry."

(Illustrated.

)

2:30 p. m.—General meeting of the Society. Gen-

eral Assembly room.

Address by President Erankforter, Section C, Amer-

icaji Association for the Advancement of Science.

Title, "The Resins and their Chemical Relations to the

Terpenes."

Address by Chairman H. P. Talbot, Division of

Physical and Inorganic Chemistry. Title, "Privi-

leges and Responsibilities of the Chemical Analyst."

8:00 p. m.—Complimentary Smoker. New Raleigh

Hotel.

THURSDAY, DECEMBER 28.

9:30 a. m.—Meetings of Divisions and Sections.

Agricultural and Food Divisions, Room 120, Eirst

Floor.

Division of Industrial Chemists and Chemical En-

gineers, General Assembly Room.

Fertilizer Division, Room 103, First Floor.

Organic Division, Room 108, First Floor.

Pharmaceutical Division, Room loG, First Floor.

Physical and Inorganic Division, Room 212, Sec-

ond Floor.

1 130 p. m.—Excursions.

7:30 p. m.—.'\ddress by Alexander Smith, Presi-

dent American Chemical Society. Title, "An Early

Physical Chemist."

Lecture bv Frank B. Kenrick and H. E. Howe.

Title, "Lantern Exi)criments on Reactions in Hetero-

geneous Systems."

FRIDAY, DECEMBER 29.

9:30 a. m.—General Business Meeting, American

Chemical Society.

10:30 a. m.—Meetings of Divisions and Sections.

Division of .\gricultural and Food Chemistry.

Biological Chemistry Section.

Division of Physical and Inorganic Chemistry.

.Section of India Rubber Chemistry.

Division of Pharmaceutical Chemistry.

Symposium on Drug Assaying.

Division of Industrial Chemists and Chemical En-

gineers.

Special order for Friday morning is a Symposium

on "Mineral Wastes and Conservation." This will

consist of informal discussions of losses in the prepa-

ration and utilization of mineral products, and of

wastes, inefficient methods and proposed improve-

ments .of processes in the c'hemical technology of min-

eral substances. Topics will appear on final program

as well as names of specialists who will lead the dis-

cussions. Any member of the Society knowing of

any instance of valuable mineral material being in-

efficiently used, produced or lost, or of any new use

rendering mineral material available is requested to

write the Secretary before the meeting, especially if

he himself cannot attend.

2 130 p. m.—^Continuation of morning meetings.

The Section of Biological Chemistry will hold a

joint meeting with the Society of Biological Chemists.

7 :oo p. m.—^Subscription dinner. Hotel Raleigh.

SATURDAY, DECEMBER 30.

9:30 a. m.—Adjourned meeting of Divisions.

I :oo p. m.—Excursions.

The chief papers of interest to Chemical Engineers

will probably be the following:

DIVISION OF AGRICULTURAL AND FOOD CHEMISTRY.

Fernand Brunschwig. "The Presence of Lead and

Copper in Cream of Tartar and Tartaric Acid. Tech-

nical Methods to Purify These Products."

J. F. Small. "An Electrical Conductivity Test for

Purity of Maple Syrup."

DIVISION OF FERTILIZER CHEMISTRY.

I'aul Rudnick, Chairman's Address. "I'ertilizer

Chemistry—A Report of Progress."

F. B. Porter. ".\ Method for Testing Ont Prob-

lems in Acid Phosphate-Manufacture."

Report of Committees

:

Paul Rudnick. for the Committee on Nitrogen.

G. A. Farnham. for the Committee on Phosphoric

Acid.

J. E. Breckenridge, for the Committee on Potash.

A. M. Peter, for the Committee on Phosphate Rock.

F. B. Carpenter, for the Committee on Fertilizer

Legislation.

SECTION OF INDIA RUBBER CHEMISTRY.

Wilhelm A. Ducca. "Scientific Tests in Methods

for Rubber Contents in Raw and Vulcanized Rubber."
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S. 1'. Thacher. "On Mineral Compounds Used in

Rubber."

Victor Hanzlik. Title in final program.

Also discussion on the following subjects;

"Synthetic Rubber."

"Effects of Oils and Other Adulterants in Reclaim-

ing Rubber."

"The Treatment of Crude Rubbers."

"Uses of Ceylon Rubbers."

It is expected that other papers will be announced

on the final program.

DIVISION OF INDUSTRIAL CHEMISTS AND CHKMICAL

ENGINEERS.

H. C. Sherman. D. A. Bartlett and X. E. Weather-

less. "Relation of Ultimate Composition to Calorific

Power in Coal."

H. C. Sherman and S. H. Regester. "Relation of

Proximate Composition to Calorific Power in Coal."

(Preliminary Report.)

G. A. Burrell. "Xew Forms of Gas Analysis Ap-

paratus." ( Illustrated by Lantern Slides.)

F. M. Williams. "Xew P^orms of Apparatus for

Gas Analysis."

J. T. Baker. "Problems in the Manufacture of C.

P. Acids."

J. R. Cain and J. C. Hostetter. "A Rapid Method

for the Determination of Vanadium in Steels. Ores,

etc.. Based on its Quantitative Inclusion by the Phos-

phomolybdate Precipitate."

Ernst Bidtel. "Valuation of Fluor-Spar.

"

L. B. Lockhart. "The Quality of Commercial Kero-

sene."

John P. Simmons. "The Eft'ect of Filtration Upon
the Physical Properties of Petroleum Oils."

Franklin Peale Summers. "The Product Patent."

H. H. Willard. "The Preparation of Perchloric

Acid."

Chas. H. White. "A Calorimeter for Rapid Work
With Widely Varying Standards."

Irving Langmuir. "The Melting Point of Tung-

sten."

J. I. D. Hinds. "Rapid Precipitation of Arsenic.

.\ntimonv and Tin."

FOURTH ANNUAL MEETING OF THE
AMERICAN INSTITUTE OF CHEM-

ICAL ENGINEERS.

As a result of its investigations into the alcohol in-

dustr)' of the Philippines, through Dr. H. D. Gibbs

and others, the Bureau of Science of the Philippine

Government has called the attention of the business

world to the probability that sugar can be made from

the nipa palm more economically in the Philippines

than from sugar cane, and that the possibilities of

sugar production from this palm constitute a matter

of surpassing importance to the islands. The conclu-

sions and the data of the investigations upon which

they are based are included in a series of reports

printed in the Philippine Journal of Science for .'Kpril

and for June, 1911. The researches involved have

covered the greater portion of the past two years, and

have represented some of the best work of the Bureau

of Science.

The fourth annual meeting of the American Institulte

of Chemical Engineers will' be held at Washington, D,

C, December 20 to December 23. The headquarters

of the institute will be at the Xew Willard Hotel. The
program of the meeting is as follows

:

Wednesday, December 20, 191 1.

9:30—Meeting at Xew \Mllard Hotel.

Address of Welcome.

Business Session

:

Canvass of Ballots for Officers.

Reports of Officers and Council.

Report of Committees.

10:30 a. m.—Reading of Papers:

Advances in Testing Explosives—^Clarance Hall, ex-

pert in charge of E.xplosives Section, Bureau of Mines,

Pittsburg, Pa.

Distribution of Power in Portland Cement .Manu-

facturing— Richard K. Meade.

Manufacture of C. P. Acids—J. T. Baker.

Combustion of Pulverized Coal—L. S. Hughes.

Manufacture of Gelatin—Ludwig Thiele.

The Xatural Bituminous Rocks of the United States

—S. F. Peckham.

Wednesday, December 20, 191 1.

I :30 p. m.—Excursion.

Visit to Bureau of Standards, it will not be pos-

sible to inspect all departments of this bureau in a sin-

gle afternoon. The members of the Institute and their

guests will be divided into three parties, making the

following inspections

:

1. Inspection of the adjustment of pyrometers,

thermometers, pressure gauges and similar instru-

ments.

2. Inspection of the standardizing of weights and

measures.

3. Inspection of liquid air apparatus which will be

in operation for the benefit of the visitors.

8 p. m.—Meeting at Xew Willard Hotel.

Address of Retiring President—F. W. I'rerichs.

Some Problems 'in Chemical Engineering Practice.

A—Manufacture of Chloroform from .\lcohol.

B—Construction of Laboratory .Apparatus.

C—Manufacture and Testing of Shipping Cyl-

inders for Liquid .Ammonia (ias.

Manufacture and Testing of Carbonic .Vcid Cylin-

ders—John C. Minor, Jr.

Thursday, December 21, 191 1.

Excursion. Visit to V. S. Proving Grounds at In-

dian Head, Md.
Immediate notice by those who desire to attend

should be given to the secretary, .stating nativity, citi-

zenship and business connection, as the list of those

who desire to attend must be submitted for approval.

The proving grounds comprise plants for contact,

sulphuric, nitric and mixed acids, the nitration of cellu-
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lose and recovery drying ; powder presses, mines and

heavy artillery.

7 p. m.—Subscription Dinner at New Willard Ho-
tel, $3.

Friday, December 22. 191 1.

9:15 a. m.—Meeting at Xew Willard Hotel.

Installation of Officers.

Business Session.

10 a. m.—Symposium on the United States Patent

System.

The United States Patent Office—E. B. Moore. Pat-

ent Commissioner, U. S. Patent Office.

Patent Office Proceedure.

Practice of Patent Law up to the Issue of the Pat-

ent—Mr. Edw. T. Fenwick, of Mason. Fenwick &
Lawrence.

Protection of Inventions by Patents. Existing De-

fects and Remedies Therefor—\\"alter D. Edmonds,

of Edmonds & Peck.

The United States Patent System—R. X. Kenyon,

of Kenyon & Ken}-on.

Discussion.

Friday, December 22, 191 1.

2 :3o p. m.—Reception at WTiite House.

The President will receive the members of the In-

stitute in the East Room of the White House.

3 p. m.—Visit to Patent Office.

8 p. m.—^The Adaptation of the Centrifugal Pump
to Chemical Service. Illustrated with lantern slides

—

F. G. Wheeler.

A complete discussion of the theory of this pump,

all designs and makes and their behavior under operat-

ing conditions.

A Course in Chemical Engineering Education, pre-

pared in accordance with the vote of the Institute on

the Questionaire of December, 1910—J. C. Olsen.

Discussion.

Business Session.

Saturday, December 23. 191 1.

Excursion.

Alternative. Steel Plant at Sparrows Point, Balti-

more.

Cement Plant of Tidewater Portland Cement Co.

PHYSICAL AND CHEMICAL PROPERTIES
OF PETROLEUM OF THE SAN

JOAQUIN VALLEY, CAL.

The production of sugar in Brazil has been prac-

tically stationary for many years. The annual output

during the last decade has been approximately 250,000

tons. Of this total 30,000 to 50,000 tons have been

exported annually. In 1909 the exports amounted to

69,500 tons, and this figure is practically a maximum
one for the exportation possibilities of the sugar crop

in Brazil. The size of the crop varies from year to

year, largely depending upon the weather conditions

and but little upon the efforts of the planters. The

development of the industry has been very slow, and

methods of production are at the present time almost

exactly as they were a century ago.

The United Stales Bureau of Mines, in following

out its investigations into ])etroleum, has just issued

Bulleti 1 Xo. 19, by Irving C- Allen and W. A. Jacobs,

on the Physical and Chemical Properties of the Pe-

troleum of ihe San Joaquin Valley, California.

In detailing the investigations which are to be con-

ducted by the Bureau of Mines, the authors say in

their introduction

:

Realizing the great importance and wide application

of petroleum and its products for fuel, lighting and

lubrication, and the absence of authentic and compre-

hensive information in the literature on the commercial

value of American petroleums, the United States

Geological Survey has for a number of years been

making analyses and other examinations of these oils

and their products. In 1907 the technologic branch

of the survey began a study of certain economic prob-

lems having to do with the natural mineral oils. The

prime object of the investigations was to determine

the economic value of the petroleums and natural

gases in the United States with special reference to

the supplies in the public lands, and to ascertain how
these resources could be utilized in the industries with

the least waste and greatest efficiency.

This work, which is now being conducted by the

petroleum section of the Bureau of Mines under au-

thority of the act of May 16, 1910, will include the

collection at the wells and refineries of information as

to the following details :

Facilities for handling and storage at the wells.

Facilities for transportation, whether by pipe line, rail,

or water.

Distance to the nearest port or center of industry

and time necessary for delivery. Facilities for storage

at such point of delivery. Suitability of the crude oil

for fuel, or the treatment necessary to convert it most

economicall}' into the best fuel ; best processes of re-

fining or of converting the crude oil into its man}' prod-

ucts : the examination of these products ; the utilization

of the by-products and residues of the refineries : the

collection of adequate and reliable samples, and the

complete chemical and physical examination of these

samples in the laboratory.

It is hoped that the information thus obtained will

render possible the establishing of suitable specifica-

tions for gasolines, kerosenes, certain lubricants, and

fuel oils. In the near future a study will also be made
of the problems involved in the most economical utili-

zation of the heavy crude oils in the various types of

internal-combustion engines.

The gas-producer problem, because of its impor-

tance, will also be investigated, as a producer capable

of converting the heavy oil residues directly and com-

pletely into a combustible gas would be of paramount

value to the oil industry.
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SULPHATE OF AMMONIA: SOME DETAILS
OF MANUFACTURE.*

The manufacture of sulphate of ammonia in a plant

of 25 to 30 tons capacity per day, while a compara-

tively simple process, has difficulties of operation that

require experience and proper equipment to assure the

economical and successful production of a commer-

cial sulphate. Some of these difficulties are empha-

sized in the following description of the manufactur-

ing operations

:

As our plant has been in operation for over 12 years.

soon after the saturator is put in operation, and be-

fore the acid reaches its highest temperature. The
sulphides begin to form as soon as the gas is admitted

to the box, slowly rising to the surface. This scum
increases in thickness, sometimes to as much as an

inch, and varies in color from light yellow and green

to a dark brown. The higher the arsenic the greener

the sulphides. A clapboard or thin board is used to

collect this scum into one corner of the saturator,

where it is removed by a strainer made of sheet cop-

per, 1/16 inch thick, slightly bent, and perforated with

1/16 inch holes.

^1 --/ii{h-
—— Vt«\i-,-g:.j. -JK~- I

Fig. 1—Plan Showing General Arrangement of Sulphate of Ammonia Plant.

our local and defined conditions may differ from those

in plants of more recent construction
;

yet, certain

fundamental elements of the manufacture would be
much the same, the variations being chiefly a re-loca-

tion of the dififerent apparatus.

Sulphate plants of our type can be divided largely

into two classes. First, using brimstone acid with the

continuous saturator : second, using pyrites acid with

intermittent saturator ; our plant belongs to the sec-

ond class. Brimstone acid enables the manufacturer
to turn out a sulphate of good (luality with little diffi-

culty, whereas pyrites acid may cause a variety of

trouble. With pyrites acid it is not advisable to use

a continuous saturator; hence the rea.son for the two
groupings.

To obtain a good, grey-white sulphate from pyrites

acid, it is absolutely necessary to remove the sulphides

of arsenic from the saturator. This can onlv be done

•Paper by Howell Fisher, Boston, Mass., presented at the 6th
Annual Meeting of the American Gas Institute.

In the continuous saturator these sulphides cannot

be collected, hence remain in the salt, giving it a yel-

lowish-brown color, which is very objectionable. The

same thing holds true at times with the intermittent

saturator, if the acid contains too much arsenic, as

it cannot be wholly collected from the surface, and

is then found in the sulphate.

For successful operation, acid of not under 52° B.

should be used ; acid of a lower test results in an

accumulation of mother liquor, and the disposal of

mother liquor is quite troublesome. About the only

way to dispose of the excess of mother liquor is by

evaporation, using steam through a lead coil in a lead-

lined box, dipping out the salt as it is deposited. The

salt, however, is not then satisfactory, as it is usually

quite acid ; moreover, the expense of the process is

high because of the necessity of using live steam in

the coil to obtain sufficient temperature for evapora-

tion. Gas liquor can be used to neutralize the mother
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making the strength 38° to 40° B. This strength should

vary according to the salt capacity of the box, and

should be such that the box is not choked with salt be-

fore the acid is neutralized. After turning on the gas, as

soon as the bath gets near the boiling point the opera-

tor collects the scum as previously described. For the-

next 2 or 3 hours no attention is necessary, other

than to see that the proper temperature of the bath

is maintained. This is best done by observing the

temperatures of the inlet gases. If they rise above

95° C. there is danger of steam condensation in the

box, which increases the volume and may cause an

overflow. \Mien the salt begins to deposit freely, it

is necessary for the operator to push back the salt

from the curtains to assure a circulation of the acid,

otherwise the salt will be blackened or "burnt,"' as it

is called. When the strength of the bath drops to

I

32° B. the gas is shut oft, as that is almost the neu-

tralization point. If the bath is allowed to become

alkaline it will turn black from sulphides and spoil

the color of the salt.

The salt and mother liquor are now dropped into

the settling box through the outlet pipe, the mass be-

ing allowed to remain for several hours to cool, in

order that as much salt as possible will crystallize out

of the mother liquor. It is then drained, shoveled

into a cart, taken to the centrifugal machine and dried,

then wheeled to the storeroom.

Fig. 2—Elevation Showing Parts of One Set of Apparatus.

liquor before evaporation, to obtain a more neutral sul-

phate ; but this procedure largely increases the amount

of liquor to be evaporated, and it is dangerous to the

operator, because of the liberation of large quantities

of hydrogen sulphide.

Acid is received in tank cars of 50 tons capacity.

They are unloaded by air pressure into an under-

ground tank, a rubber hose with brass connections

being used for the discharging connection. From this

tank the acid flows by gravity to an air-operated pump
that elevates the acid to storage tanks under the roof

of the building. The discharge from the pump is into

a lead drum above the tanks, to provide for the air

discharge with the acid, thus preventing any splash-

ing. The outlets of these storage tanks are in the

bottoms, and can be closed by a plug in case of emer-

gency. Below these plugs in the pipe line is a valve

for each tank to facilitate repairs to the line and tanks.

The acid runs by gravity to each saturator with a valve

for each outlet, and, further, a valve on a low point

on a pipe for draining in case of repairs. All of

these valves are of cast lead of the globe valve type.

The operation of the saturator is as follows : The box

is filled with acid and mother liquor, or, not having suf-

ficient mother liquor, with water to the proper height,

!^£ii[sife£&>-g??pfe

Top ViCw-Co^P Rtftcwm.

Fig. 3—Diagram of Fixed Ammonia Still.
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iceablc without repairs for at least five years, while

small repairs will add three more years to the box

before relining. The capacity of the box is about

5,000 lbs. dried salt.

The plug shown in the bottom of the box is merely

for the safety of the operator in removing the valve

on the bottom of the outlet pipe. This valve is simply

a flat plate with a gum rubber disk held by pressure

against the end of the pipe. The salt, after draining,

is shoveled into a square two-wheeled wooden cart,

which is wheeled to the centrifugal machine, being

dumped through a brass chute into the basket. The

basket is run at slow speed until the charge (of about

800 lbs.) is all poured in. This is necessary because

of the sticky nature of the sulphate, as fast running

the paper is to point out some of the many trouble-

.^ome points which are not usually mentioned in text-

books, yet which are of prime importance in the main-

tenance and operation of an ammonium sulphate

plant.

The Bengal, India, Chamber of Commerce, accord-

ing to a U. S. Consular Report, recently took up the

question of watering jute to excess, and it was agreed

that a certain percentage of water was allowable at

certain seasons of the year to comply with the terms

in the contract that the jute be in a "sound, dry, stor-

ing condition."' The following memorandum on the

subject was agreed to: (i) That in the months of July

and August a fair allow-ance for moisture would be

Fig. 6—Sketch of Machinery for Crushing, Elevating and Bagging Sulphate.

will cause uneven loading, with possibly disastrous

results.

A drawing of the centrifugal machine is shown in

Fig. 5. The basket has a drop bottom that is raised

by a lever and secured by a clutch. The basket, bot-

tom, shaft, etc., are all of brass, and have a life of

from ijX to 2 years. The envelope and liquor col-

lector around this basket are made of sheet lead, which

forms a very satisfactory and safe casing. It is es-

sential that the sulphate should be allowed to remain

in storage for four or more days before shipping, to

prevent shrinkage in transit, so accordingly it is piled

on a wooden lloor. From storage the salt is loaded

into bags with an automatic weighing machine, shown

in Fig. 6. The salt caking in storage is broken up by

picks and shoveled into a crusher that disposes of all

the lumps. It is elevated by a bucket conveyor into

a hopper over the bagging machine, into which it is

fed by gravity. The capacity of the machine is from

3J/2 to 4 tons per hour, which is the capacity of the

crusher.

The drawings give many details that have not been

included in this descri]5tion. The primary object of

12 per cent; (2) that in the months of September and

October a fair allowance for moisture would be 10

per cent
; ( 3 ) that in the remaining months of the year

moisture should not exceed 8 per cent; (4) that the

following should be the method to be adopted for

ascertaining moisture, viz., the jute selected for test-

inc; should be accurately weighed and then exposed to

tile sun for two hours, and should be accurately re-

weighed immediately thereafter. If the moisture

evaporated should prove to be more than is allowable

for the time of the year, according to the foregoing

scale, it would mean that the jute is not in accordance

with the requirements of the memorandum.

It is estimated that at the close of icjio there were

in Ceylon 185.000 planted acres of rubber and 12,000

bearing acres of rubber. A local writer has estimated

that 220,000 acres will be the maximum area planted

with rubber in the island, and that, with 140 trees to

the acre average, and i3/> lbs. yield per tree per an-

num, this will give an export of about 20.000 long

tons bv 1020.
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AUTOMATIC REGULATING DEVICES FOR
WATER PURIFICATION PLANTS.

Many industrial plants using a surface water supply

have installed water softening or purification plants.

One of the essential details of these water purification

plants where chemical treatment is employed is the

obtaining an efficient control of the chemical solutions

used. In an interesting article in The Industrial

World, Mr. Thomas Fleming, Jr., of Chester & l-lem-

ing. Hydraulic Engineers, Pittsburgh, Pa., points out a

few methods for handling this essential detail. Indi-

rectly Mr. Fleming's article also gives an insight into

one of the serious problems of the art of purifying

water, which should warn the novice against attempt-

ing the construction of costly works without e.xpert

advice. Mr. Fleming's article follows

:

The chemicals most frequently used in water puri-

fication are sulphate of alumina, soda ash, lime, sul-

phate of iron, and hypochloride of lime. These chem-

icals must be placed in solution, and fed to the water

in definite quantities. Some plants are equipped to

handle a combination of one or more of these, while at

many only one is needed. The chemicals to be used

depend to a great extent on the nature of the water

to be treated and the results desired. There are some

instances where one or more methods might be used

successfully and under these conditions the combina-

tion selected is largely a matter of judgment.

The most common treatment is the addition of sul-

phate of alumina to the water in small quantities, vary-

ing from a fraction to several grains per gallon.

Where there is not sufificient alkalinity in the water

to combine with the alum, lime or soda ash is added.

Frequently hypochloride of lime is used with alum dur-

ing certain periods of the year. Iron sulphate and

lime are more suitable for the coagulation of some

turbid waters, especially those of the middle West, but

are sometimes used at plants where the turbidity va-

ries widely as an alternative to the alum lime treat-

ment. It is not unusual to find a plant where all these

chemicals are used at different times of the year. The
amount used varies with the turbidity, color and chem-

ical composition of the water to be treated and where

used as a disinfectant with the bacterial coimt. Some
waters are quite stable in composition and require

little change throughout the year in the quantity of

chemical used for treatment ; others vary widely. The
entire flow of the Monongahela river, which is the

most difficult water in America to treat, is used for

domestic and industrial purpose, over six times in the

dry season before reaching Pittsburgh. During this

period it runs strongly acid while in the wet season and

during high stages of the river, it is strongly alkaline.

In addition at times after protracted droughts it is

occasionally colored with vegetable matter that gives

it a tea color. This is reported to be due to wild

laurel which has been steeped in swampy places near

its headwaters. This river also has a wide variation

in the amount of suspended matter and it can be seen

that under these conditions the amount and character

of coagulant used will have a wide variation and the

chemical treatment plant must be equipped with very

elastic apparatus.

The success of a mechanical filter plant depends

upon the proper coagulation of the raw water and an

efficient setting out of the suspended matter in the

preliminary settling basins. To obtain this coagula-

tion economically the chemicals must be added so as to-

entirely combine in forming the floculent precipitate

which settles out the suspended matter in the settling

basin and forms the gelatinous ''schmutzdecke" on the

surface of the filter. This can only be obtained by

efficient apparatus where the chemicals can be mixed

in solutions of known strength and can be accurately

fed to the water to be treated.

There are two methods of feeding the coagulant to-

the water to be treated, viz. : by gravity or by pumping.

These two methods divide the apparatus into two dis-

tinct types, gravity feed and pressure feed. In both

types the apparatus may be further sub-divided into-

the mixing and solution tanks and the regulating appa-

ratus. The method to be used depends upon local

conditions. It is considered preferable to use the grav-

ity feed where possible, but there are sometimes cases

where this is out of the question.

If the chemicals were easily dissolved in water and

would remain in solution indefinitely the problem of

mixing would be a simple one. Such, however, is not

the case. While there is a variation in the solubility

of the various substances, yet generally speaking it can

be said that none of them are perfectly soluble in

water to any degree of concentration without agitation.

For large plants it is therefore necessary to provide

mechanical or air agitators for the solution tanks to-

prevent a precipitation of the chemical in solution.

For small installations it is customary to omit agitators

on account of the extra expense and often on account

of the difficulty of providing power and to allow for

a certain amount of precipitation by feeding the chem-

ical at a slightly higher rate. \\'here hot water or

steam is available the practical operator will arrange

to heat the solution. This simple expedient is of great

assistance as it raises the point of solubility and in the

case of slaking lime, greatly assists the chemical reac-

tion. This great secret in the successful design of

mixing and solution tanks is to furnish ample capacity

for mixing the chemical in a weak solution. This is

especially valuable in small plants where a concen-

trated solution in addition to the difficulty of mixing,

will furnish such a small quantity in the outlet pipes

that it will frequently clog up and will be very difficult

to preserve a uniform flow.

For chemicals that are easily dissolved, such as alum,

the mixing and solution tank are one and the same.

The chemical is placed in a small compartment near

the top of the tank and is dissolved as the tank is

slowly filled with water. If the plant is of any size
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compressed air is blown ilirough the mixture from a

grid in the bottom or a mechanical agitator constantly

stirs it.

Lime or hypochloride of lime shoidd be mixed in a

compartment separate from the solution tank to secure

the best results, if there is a considerable amount used.

It is customary to slake the lime in a separate tank and

to drain oil the saturated milk of lime solution to a

solution tank. Hydrochloride of lime must be thor-

oughly mixed by hand and then thinned out to a dilute

solution for the solution tank. The solution tanks as

well as the mixing tanks should be constantly agitated

to preserve a uniform .solution and to prevent precipi-

tation.

The regulation apparatus that controls the feed from

the solution tanks may vary from a simple gate valve

to an orifice automatically controlled by floats or other

devices. It is usually located below the bottom of the

solution tanks and is connected to them by small pip-

ing. This piping should be sufficiently large to permit

cleaning in case of clogging and should be of such

material as will resist the corrosive action of the

chemical to be handled. In some instances it has been

found cheaper to use ordinary galvanized iron pipe

and replace it as it wears out than to purchase brass

pipe or lead lined pipe with a little longer life. This

is especially the case with lime solutions. Lead pipe

seems to be the best adapted to hypochloride of lime

solutions and brass pipe to alum solutions.

The details of the regulating apparatus will depend

to a great degree on local conditions. If there is a uni-

form amount of water to be treated with a constant

flow it is usual to feed the solution through an orifice,

either varying the strength of the solution as the con-

dition of the water to be treated changes or varying

the size of the orifice or both. The capacity of" orifice

may be varied by using a variable orifice or by varying

the head of the orifice. In this case the flow of water

to be treated varies, it may be necessary to further con-

trol the flow of the solution so that it can automati-

cally vary in proportion to the flow. This can be done

by floating orifices or by an orifice controlled by floats.

In pressure feeds under a varying flow of the water

to be treated, a feed pump is attached to the pump
handling the water to be treated. This feed pump is

so attached that its strokes will be in proportion to

those of the larger pump and the solution is very accu-

rately introduced in proportion to the water pumped.

.VPPARATL'S FOR CH.\RLEROI FILTER rL.WI'.

The apparatus recently installed by us in the new

Charleroi Water Co. filter plant is of the gravity type.

The water to be treated is Monongahela river water

which, as previously stated, is very variable. The

filter plant has a capacity of 3,000,000 gals, and is

equipped with a preliminary settling basin and six

500,000 gal. gravity filter units. The coagulant house

is located at one end of the filter house. It has been

made cjuite elastic and ample space has been provided

for meeting all emergencies. The coagulant house is

a three story brick structure. It is 12x40 in plan and

30 ft. high. Only half being used for the laboratory

and reception room. The solution tanks rest on the

second floor with their tops flush with the top floor

which is used as a charging floor. There are five of

these tanks. They are constructed of reinforced con-

crete and are J4-''''- by 4 ft. in plan and 9 ft. deep.

Two of the tanks are used for alum, two for lime or

soda ash and one for hypochloride of lime. The mix-

ing is done in small compartments at the top of the

tanks which are really a part of the main tank and the

solution is kept constantly agitated by mechanical agi-

tation. This consists of a set of horizontal paddles

located approximately 2 ft. from the bottom of each

tank and attached to a vertical steel shaft which is

driven by a belt connected to a water motor located on

the floor below. Each vertical shaft is independently

controlled by a clutch. The agitators in the lime tanks

are further provided with four chains 2 ft. long which

hang vertically to the bottom of the agitator and pre-

vent the lime from depositing on the bottom. The

third floor in front of the tanks is reserved for charg-

ing and operating. The balance is used for storage.

A hand elevator is used to bring the material up from

the ground floor.

Each tank is provided with independent water con-

nections. The outlets are located near the bottom of

the tanks on the second floor and are controlled by

standard orifice boxes of enameled iron. Each tank is

provided with an independent orifice box. These

boxes have a circular orifice in the bottom controlled

by a cut-ofif plate which is so arranged as to vary

the size of the opening. This is controlled by a grad-

uated dial and by setting the dial any desired rate of

flow can be obtained. The inlet from the solution

tank is controlled by a copper float and valve which

keep a uniform head on the orifice. From the orifice

box the solution flows by gravity to the supply main

leading to the settling basins.

The chemicals at this plant are mixed once each

dav. The duplicate tanks permit this to be done thor-

oughly while the solution is being fed from other

tanks. Although the water is difficult to treat and

makes rapid changes in composition, yet it has been

possible for one man to operate this filter plant and

the nearby pumping station and boiler house and to

obtain excellent results. This is to a large extent due

to the ample facilities for mixing and handling the

coagulants. This arrangement of the apparatus is

similar to that installed a few years ago by Mr. Chester

for the filter plants at Portsmouth, Va., and South

Pittsburgh, Pa. It is the result of a long study of

gravity feed of chemicals at various filter plants and

its success cannot be attributed to any one plant.

APPAR.\TUS FOR MONESSEN FILTER PLANT.

The apparatus for the Monessen Filter plant comes

under the pressure type of feed and involves some

unique features which are the result of a study of

peculiar conditions to be met. The filtration plant is
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located on a hillside above Alonessen and the location

is such that a pressure feed must be used. The coagu-

lant house is a two-story structure. The solution

tanks are located on the first floor and the second

floor is used for storage. The main tank used for

mixing is loxio feet in plan and lo feet deep and the

top is flush with the charging floor. From this tank

the coagulant is drawn off by gravity with smaller

tanks on the lower floor. These tanks in turn supply

a water lifter which discharges against a head of 40 ft.

into the raw water main leading to the settling basin.

partment. The inlet pipe enters and is batfled to pre-

vent too much disturbance to the water in the com-
partment. A large float consisting of a whiskey barrel

completes this part of the apparatus.

The coagulant pump lifts the solution to a set of

feed boxes located sufiicientl\- high above the raw
water compartment to discharge by gravity. Each of

these boxes is 8 in. by 8 in. by 8 ft. deep. It has a

plate glass front and a small orifice drilled in the front

near the bottom. In the center of the compartment

is a horizontal movable orifice connected to a return

Sketch Showing Arrangement of Coagulant Feed Apparatus at Monesren Filter Plant.

As the pumps are located on the ^lonongaliela

river bank a mile distant, it is important to have an

accurate control for the coagulant pump as otherwise

coagulant would be fed to the settling basins when the

main pumps stop and vice versa.

An automatic float control arrangement was de-

signed for this purpose. A cubical compartment 4X
4x4 feet deep was built on the upper end of the raw
water pipe where it enters the settling basin. This

compartment is placed above the flow line of the basin

and a circular orifice is cut into one side at a point

18 ins. above the bottom. This orifice is ten inches

in diameter, which is sufficiently large to discharge

the maximum pumpage without overflowing the com-

pipe and controlled by a rope. The rope is attached to

a reversible pulley which is also attached to the large

float in the raw water compartment. It is arranged

so that the slightest rise or fall in the float will give a

corresponding rise or fall in the horizontal orifice over-

flow in the feed boxes, thereby preserving a propor-

tionate head on the small orifices. The overflow from

the horizontal orifice flows through a return pipe to

the solution tanks to be repumped to the boxes. The

quantity of coagulant used is controlled by varying the

strength of the solution.

APPARATUS FOR THE PENNSYLVAN I.\ WATER COMPANY.

The Wilkinsburg filter plant of the Pennsylvania

Water Company is equipped with chemical apparatus
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very siniikir to that used at Charleroi. The plant lias

a capacity of 10,000,000 gallons per 24 hours, in com-

parison to the 3,000,000 gallon capacity of the Char-

leroi plant. However, Allegheny river water is handled

and this is partly clarified by a crib in the river, so that

the conditions to be met arc much more favorable, and

very little more solution tank capacity is needed than

in treating the smaller quantity of Monongahela river

water.

The main feature of this apparatus is the method of

controj. Instead of standard orifice boxes, a special

form of box was designed which has proven very

flexible. This consists of a reinforced concrete com-

partment approximately 2x2 in plan and 5 ft. deep.

The front of this compartment is plate glass and to

this is bolted a circular brass plate, the bolt being

through the center of the plate and controlled by a

thumb screw. Near the circumference of this place

are a series of circular orifices ranging in size from a

fraction of an inch in diameter to several inches in

diameter. On the same radius in the plate glass front

of the orifice box there is an orifice slightly larger

than the largest one in the plate. By revolving the

plate any one of the orifices in it can be brought over

this opening, thereby changing the discharge. The
plate glass and the ground metal surface of the brass

plate prevent any leakage around the orifice. There

is a large copper float in the compartment which is

adjustable and controls the inflow pipe from the solu-

tion tanks. By adjusting this float further elasticity

in control of the solution can be obtained by raising

or lowering the head of the orifice.

APPARATUS FOR VALLEY CAMP.

The \^alley Camp equipment is dififerent from the

types previously described. It is to be used to disin-

fect the effluent from a sewage plant and handles hypo-

chloride, of lime only.

It is located in a small frame building near the outer

end of the disposal plant and consists of two wooden

solution tanks and the control apparatus. The solu-

tion tanks are to be located on a platform several feet

above flow level, so as to give sufficient room to feed

by gravity through the control apparatus which is

located on the floor.

These tanks each have a capacity of one day's maxi-

mum supply of hypochloride solution. The hypochlor-

ide is to be mixed by hand in a bucket and then diluted

in the solution tank. Each tank is provided with run-

ning water connections. The outlet is located near the

bottom and is connected by a one-inch valve connec-

tion to a galvanized iron feed pipe which leads to the

control box. This box is located on the floor at one

side of the tanks. The inlet from the tanks is con-

trolled by a float valve and the outlet consists of an ad-

justable orifice which feeds through a funnel to the

disposal plant effluent in the sewer below the flood.

The flow of this sewage is very variable, and in order

to prevent any undue wastage of chemicals it is neces-

sary that it should Ije automatically controlled so as to

feed at a given rate in direct proportion to the amount
of sewage.

The adjustable orifice is therefore arranged as fol-

lows : It consists of a ;!4-in. glass tube bent so as to

discharge downward, and connected by a rubber tube

to an opening of the same size in one end of the feed

box. This tube is attached to a brass clamp which

runs in a vertical slotted groove along one side of the

box by which is attached a graduated scale. The
clamp is connected by a small steel wire to an overhead

pulley wheel. This wheel is in turn connected by a

wire to a float which is adjacent to the outlet sewer

under the floor of the building. There is a triangular

notched weir in this sewer so that the heights of sew-

age in the float chamber can be made to accurately cor-

respond to the dififerent rates of flow of the sewage.

The pulley wheel is differential and in this case at a

point just below the flow line of the control box for

a zero reading over the weir in the sewer. Then for

any increase in the sewage flow the orifice will drop

four times the distance that the float rises and with the

drop the flow of chemicals will increase. The ratio

to be used depends on the amount of chemical to be

used and size of orifice. This method of feed has

been found by the writer to be the most successful for

handling hypochloride of lime in small plants where the

amount of solution used is very small. Standard con-

trol boxes are as a rule failures as the orifices quickly

clog up. A comparatively large orifice such as the

above with a variable head has proved very satisfac-

tory and is simple in adjustment.

In the general estimates for appropriations for the

fiscal }-ear 1912. which begins July i, I9r2. Secretary

of the Interior Walter L. Fisher has recommended the

following items for the Bureau of Mines : For the in-

vestigation as to the causes of mine explosions, meth-

ods of mining, especially in relation to the safety of

miners, the appliances best adapted to prevent acci-

dents, the possible improvement of conditions trnde*-

which mining operations are carried on, the use of ex-

plosives and electricity, the prevention of accidents,

and other inquiries and technologic investigations perti-

nent to the mining industry, $360,000; for the investi-

gation, analyzing and testing of the coals, lignites and

other mineral fuel substances belonging to or for the

use of the United States, $135,000; for investigations

into the treatment of ores and other mineral sub-

stances, with special reference to the prevention of

waste in the mining and utilization of important min-

eral resources, $100,000; for the investigation of the

coals of Alaska, with reference to their mining, trans-

portation and utilization, $50,000.

Rubber exports from Ceylon this year up to Oct. 2

were 4.064.180 lbs., or just about double those in the

same period last year. Direct shipments to the United

States were i.303.881) lbs., an increase of 368.712 lb-;.
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IMPROVED SULPHURIC-ACID CHAMBERS.

On October lo, 1910, three of the nine chamber

plants of the Union Fabrik Chemischer Produkte at

Kratzwieck, near Stettin, were destroyed by fire. In

planning for rebuilding the director decided to adopt

the essential features of the so-called Moritz system of

chamber construction, as not only promising economy

in future cost of production, but also offering excep-

tional facilities for rapid replacement of the missing

units, even during the winter season. He was able to

use the first series of chambers on March 15 and

the second on April 4 of this year. The construction

of the third unit did not begin until July. Thomas H.

Norton, the U. S. Consul at Chemnitz, Germany, has

recently visited these works, and in a recent Consular

and Trade Report, he gives the following description

of the new chambers

:

The Moritz system was brought to the attention of

technical chemists about four years ago. It was first

introduced at Wasquetal, northern France, by the

Societe anon, des fitablissements Eyken et Leroy, with

which the inventor, R. Moritz, is connected. The

results obtained in a chamber of 4,500 cubic meters

(cubic meter = 35.314 cu. ft.) were so satisfactory

that several French and Belgian works utilized the

new method in increasing their chamber capacity.

At present a large system of 8,000 cubic meters

is under construction at Hainaut, Belgium, a smaller

one of 4,000 meters at Elberfeld, Germany, and the

third unit of the "Union" works (5,200 meters).

As a rule, in chambers constructed according to prev-

alent methods, the sides, the top, and the bottom of a

lead chamber are supported by strong wooden beams.

These timbers, while showing externally no change,

are seriously affected by the radiation of heat from the

adjacent lead walls. The temperature of the walls may
attain 90° and even 100° C. (194° and 212° F.), and

as a result the wood rapidly loses its strength, becomes

brittle, and is warped. This leads to a dangerous

strain upon the flaps along the walls. They are fre-

quently torn off and the wall loses its shape. This

tendency is heightened by the great difference between

the coefficients of expansion of lead and wood. The
thoroughly dry timber offers also an undesirable

amount of very combustible material, as shown by the

extensive fire at Kratzwieck in 19 10 and the conflagra-

tion at the Wasquetal works in 1907.

Much more serious, however, is the increased cor-

rosion of the lead chambers, due to the use of wooden
supports. Those portions of the lead walls adjacent

to the timber supports are prevented from radiating

heat freely. This retards the oxidizing reaction in the

immediate vicinity, while allowing the lead to be cor-

roded more rapidly. Careful measurements of the

thickness of the wall in dift'erent parts of a lead

chamber, after the fires mentioned, showed that the

portions of wall screened by a timber were on an

average half a millimeter (0.01969 in.) thinner than

other sections of the chamber. This was in spite of the

fact that the timbers were separated by spaces of

8 to 10 centimeters (3.15 to 3.94 ins.) from the lead

walls.

An additional disadvantage results from the more
rapid corrosion of the lead behind a beam, as leaks

occur thereby most frequently at points where the

repairs are difficult to execute. In some few works

iron instead of wooden beams have been introduced.

This obviates the distortion of the chamber, walls,

due to the warping of the wood, but does not diminish

the trouble arising from rapid corrosion and the

difficulty in carrying out repairs.

With regard to the bottom of chambers, observation

shows that corrosion is very pronounced along the

lower edge, where the lead is bent upward. Here a

zone of about 6 ins. is peculiarly liable to rapid attack

;

and the same is true of the lower part of the side

walls, which form the hydraulic joint. The direct

cause of this quick corrosion is the thick flooring of

wood necessary to support the weight of the acid,

but retarding the radiation of heat from the surface

of the lead.

The tops of chambers are ordinarily flat. The lead

sheets are attached by flaps to overhead beams or

hung upon iron rods or tubes. In both cases the same
disadvantages exist as have been previously mentioned.

A flat roof also favors the accumulation of dust,

which in turn retards radiation. As a rule it is a

matter of great difficulty thoroughly to clean the or-

dinary flat roof of an acid chamber.

The prevalent method of attaching the various sec-

tions of a lead chamber to its supports prevents almost

entirely any uniform expansion of the different parts.

In consequence of the heavy weight of the lead, and

of the uneven expansion, there is a constant tendency

toward strain about the flaps, and cracks appear along

the soldering lines that are exceedingly awkward to

mend.

All of these defects of the customary construction

seem to be avoided in the Moritz chambers. The
essential feature of such a chamber unit is a strongly

built skeleton of structural iron, inclosing the cham-

bers, which are suspended from overhead beams. The
skeleton serves also as a support for the roof.

The main columns of this skeleton, which bear the

weight of the roof, have been constructed in some

cases of concrete or masonry. Preference is, however,

given to iron, as involving less time in preparation and

assuring greater strength. A tile roof is used. The
outer walls of the structure are built of brick, laid

between the upright columns. The bricks are placed

edgewise, so that the walls are exceedingly light, 2.36

ins. in thickness. Nb windows are required. An abund-

ant use of panels of wire-net glass and of ordinary

glass tiles in the roof affords all needed light. Some
additional light and abundant ventilation are assured

by numerous series of openings in the brick walls, the
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bricks being arranged in a lalticeHke manner at dis-

tances of ^xji/ ins. from each other. Such an arrange-

ment suffices to keep out snow and rain, while afford-

ing a maximum of air circulation for cooling purposes.

At Kratzwieck two units are located side by side,

separated from each other by an aisle about 4 ft. wide,

and under a single roof. In other forms of construc-

tion there is a separate roof over each unit.

Great ingenuity is displayed in the manner of sus-

pending the chambers from the skeleton framework.

At intervals of 31.5 ins. along the top edges (27.5 ins.

on the end sides) hooks of half-inch iron are attached

firmly to the lead sheets. These hang by iron rods

(1.57 by 0.24 ins.) from the T girders overhead, and

thus insure a complete, unhindered exposure of the

side walls to the cooling action of the air. There is,

however, a further addition necessary, in order to

obviate any danger from expansion or contraction.

Along the walls, likewise at distances of 31.5 ins. (or

27.5 ins. on the end walls) vertical flaps are soldered

on tightly. Light iron rods, round or flat, pass through

these, and are connected above with the pendant sup-

ports, while below they are attached, by means of

spring hooks, to the upturned edge of the chamber

floor. They give a ribbed appearance to the chamber

walls and increase the cooling surface. While im-

parting a certain amount of rigidity, and preventing

undue swelling outward, or inward depression, they

still permit of free play for ordinary contraction, or

the reverse, without any undue strain falling upon

the soldered fastening of the ribs. The effectiveness

of this rib construction is heightened by numerous

horizontal connections, by means of iron rods, with

the skeleton frameworks.

A similar principle is applied in the case of the top

of a chamber. Here there is also a ribbed construction,

and hooks at frequent intervals are connected by

round iron bars with the girders overhead. All exposed

iron parts are carefully protected from corrosion by a

special paint.

In the shape of the chamber top we encounter one

of the most striking innovations of the Moritz system.

It is of a semicylindrical form to prevent the accumu-

lation of dust, while avoiding "dead corners" inside the

chamber, and their liability to frequent repair, and

assuring a more perfect circulation of air about its

upper surface.

The lead floor of the chamber rests upon an under

floor of iron plate 0.197 i"- ^^ thickness, and this in

turn is supported by brick columns about 8 ft. high.

In some instances the constructors have used wood or

ferroconcrete. In all cases, how-ever, the upturned edge

of the floor consists of iron plate, bent underneath to

a distance of 9.8 ins. This is to insure the most rapid

cooling at the weakest point in the construction of a

chamber, where corrosion is most pronounced, and

repairs involve a complete stoppage of manufacture,

An identical method is used in supporting the lead

mantels of the Glover and Gay-Lussac towers. Details

are naturally much simpler, on account of the smaller

size of the towers. Each tower shows eight vertical

ribs.

There are certain theoretical considerations con-

nected with the use of the rounded roof that deserve

mention. In addition to the advantages attendant upon

this particular shape, the inventor claims that it is a

powerful factor in equalizing temperature, and con-

sequentl}' in insuring uniform chemical activity and

production in all parts of a chamber. While there is

little movement of air over a flat roof, there is, on the

contrary, an active current over the surface of a cur\-ed

roof, thus bringing about a more rapid cooling. In

a chamber of rectangular construction the hotter gases

accumulate at the top. With a curved roof the volume

of such gases is reduced to a minimum. They are

constant!}' drawn oft' by the gyratory movement of the

chamber's contents, due to external cooling, and

descend steadily downward along the walls. An in-

stance is cited from the observations made at Was-
quetal upon the temperatures at three different points

in the first chamber of a plant. Under similar condi-

tions of external temperature, with the same pyrites,

the same ovens, and the same towers, the temperatures

observed at the three points in a rectangular chamber

were 90°, 88° and 86° C. (194°, 190.4° and 186.8° F.).

In the chamber with curved top, which replaced the

former, they were 75°, 75° and 74° C, (167°, 167°

and 165.2° F.). The more rapid cooling and the close

approach to uniformity are noteworthy. The director

of the works at Kratzwieck is, however, of the opinion

that a more gently curved roof is quite as effective as

one of semicircular shape and more desirable from

several standpoints. In the plant now under construc-

tion he plans to modify this feature.

At the outset it must be noted that the cost of con-

struction, per unit of cubic chamber space, is higher

than by the old method. At Kratzwieck the additional

cost per cubic meter was found to be about 33 per cent.

This figure would vary according to local factors.

Where timber is expensive the ratio would be less.

Where timber is cheap and iron costly it would natur-

ally increase.

There seems to be no doubt of the manifest economy
in space, frequently an important factor where chem-

ical works are hampered in their development by lack

of sufficient available area for building. At Kratzwieck

the two imits already built on the Moritz system

occupy but two-thirds of the area formerly covered

by three separate units before the fire. Yet these two

units produce more sulphuric acid than the three units

that were destroyed.

The ne.xt important economy is in the amount of

nitric acid required to produce the maximum effect in

the lead chambers. The newly erected plant of the

"Union" yields daily about 7 kilograms (15.432 lbs.)

of acid (50° Baume) per cubic meter (35.314 cu. ft.)

of chamber space. Formerly, at this rate of produc-

tion, 0.7 to 0.8 kilogram of nitric acid (36° Baume)
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was consumed for each loo kilograms of chamber acid

of the above strength. This consumption has now

fallen to very nearly 0.5 kilogram. It is to be noted

that 0.9 kilogram is a- very common figure in German

acid works. In 1900 the average consumption was 1.4

kilograms in American acid works burning pyrites.

This loss of nitric acid is an important item in the

cost of producing sulphuric acid. In Germany it con-

stitutes 4 to 8 per cent of the total cost. It is obvious

that a saving of i or 2 per cent in this direction con-

stitutes a notable economy. The inventor guarantees

a maximum loss of 0.6 kilogram where chambers are

producing 7 kilograms daily per cubic meter. It may

be mentioned in this connection that in the "Union"

system water in the form of spray is admitted to the

chambers in summer and in the form of steam during

the winter.

Apart from the direct saving on the daily cost of

production, the director of the "Union" works is con-

fident from his study of the plant during the few

months that it has been in operation that there will be

ultimately a very material saving in the item of

depreciation, through the prolonged life of the cham-

bers, and the ease and simplicity with which any neces-

sary eventual repairs can be executed. When the time

arrives to replace a lead chamber there will no longer

he need of a new timber framework, as is ordinarily

the rule at present, and the change can be effected in a

very short time. At the most a few iron rods or bands

used for suspending the chambers may require

renewal.

DEFLOCCULATION.

In 1900 Sweden consumed 253.132 metric tons of

artificial fertilizers, of which one-half were produced

at home. In the course of a decade the industry has

developed so rapidly that there is now a surplus of

superphosphate available for export, amounting to

17,000 tons in 1909.

Patents have been taken out in ^^lexico. the United

States and Cuba for an invention for utilizing the resi-

due of the maguey, after the fiber has been taken,

for the manufacture of alcohol. In the process of

extracting the fiber the '"fiesh" of the leaf is scraped

off by machinery and this, with the exception of a

small portion used in the manufacture of packing

paper, has been heretofore simply thrown on the rub-

bish heap. The inventor, after j^ears of experiment, is

stated to have found that this waste, together with

the juice which escapes during extraction of the fiber,

will produce a good, merchantable alcohol, as high as

40° Cartier. The raw material is placed in tanks with

water and allowed to ferment for two days, after

which it passes into a specially arranged still. Ap-

proximately, the waste of 1,000 leaves gives 400 liters

(liter equals 1.05 quarts) of juice, which in turn pro-

duces about 80 liters of alcohol of 40^. The improve-

ments to the ordinary still for correcting the taste and

color have been protected by patents.

By EDWARD G. ACHESON, Sc. D.

It is with much diffidence I come before you to speak

on a subject that has not yet emerged from the embry-

onic state. My latest experimental researches had to

do with it ; I believe it will rapidly grow in importance

in the scientific and industrial world ; and finally, much
work of a strictly scientific character remains to be

done to reduce the fragmentary knowledge we now
have of it to an exact science.

In my labors devoted to working out and developing

industrial and commercial projects, I have upon sev-

eral occasions found reactions, conditions and results

that did not harmonize with the accepted theories and

formulae of scientific men. Being an earnest believer

in publicity, in order that any possible benefits that

might accrue to the common welfare may the more

quickly be enjoyed, I shall lay before you a detailed

account of my experiments on the deflocculation of

inorganic bodies. It will become very evident as my
story unfolds, that throughout the series of experi-

ments described and the working hypothesis employed,

I was wholly disregarding the prevailing theories, and

that I unconsciously entered the field of colloids.

Having worked out the problems involved in the

manufacture of graphite from coal and other carbon-

aceous materials, I undertook, in the summer of 1901,

the introduction of this artificially made graphite into

the crucible trade. My first efforts were devoted to

the making of a satisfactory crucible of my graphite,

using as a binding material American clays. Many
failures were met with, and I found it difficult to lo-

cate the cause of the failure, whether with the graphite

or with the clay. I soon learned the manufacturers of

crucibles in the United States invariably used as a

binding agent for the graphite in the crucible body

clays imported from Europe. I secured samples of

these imported clays, and found them much superior

to the American ones in plasticity and tensile strength.

Chemical analysis failed to disclose the cause of the

physical dift'erences existing in the clays. The ques-

tion involved interested me greatly, and I decided to

endeavor to determine what produced the variations,

I found it generally stated in the books that residual

clays were non-plastic, and sedimentary clays were

more or less plastic. Here was the starting point.

Plasticity was developed by or during the act of trans-

portation from the point of formation to the final rest-

ing place of the clay. I did not believe there was any-

thing in the simple act of the suspension in water that

would produce the effect noted, and therefore looked

for the cause of the foreign matter carried by the

water. It seemed the most likely agents were the or-

ganic substances washed from the forests into the run-

ning waters. With this idea in view, I made a few ex-

periments with those substances I thotight likely to be

found in the washings of vegetation. One of my early

experiments was to treat kaolin with a solution of tan-

nin, and I at once noticed less water was needed to
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produce a given degree of lluidity ; also that the tensile

strength and plasticity were increased.

Tests were made on the increased tensile strength

of clay, as the result of treatment with organic matter,

and it was found that briquettes made of Harris kaolin

and dried at 120° C. would break with a load of 5.73

kilograms per square centimeter, while the same clay,

after treatment with 2 per cent of catechu for a period

of ten days, then formed into briquettes and dried at

120° C, would not break until the load was increased

to 19.75 kilograms per square centimeter—an increase

of more than 244 per cent.

I now began to wonder whether or not the etTect I

had discovered was known, as it might have much

value to an industry of such colossal dimensions and

antiquity as clay working. Moreover, it would be

amazing if it should not be known, in view of the tre-

mendous amount of experimental work that had been

done on that art. I searclied for some record of the

addition of organic matter to clay during its working,

and only one instance could I find, that of the Egyp-

tians in brick-making, as recorded in the tifth chapter

of Exodus. The accepted theory of using straw fiber

as a mechanical binding agent had never appealed to

me. Straw, however, contains no tannin, and the ef-

fect I had found had always been produced with tan-

nin, or. a substance containing tannin. I procured

some straw, boiled it with water, decanted the result-

ant reddish brown liquid, and mixed it with clay. The

result was like that produced with tannin, and equal to

the best I had obtained. It now seemed likely that the

Egyptians were familiar with the effect I had discov-

ered, and believing this was why they used straw in

making brick and were successful in substituting stub-

ble for the straw, I called clay so treated "Egyptian-

ized clay."

The efl;'ect of organic matter, as typified by tannin,

in ])roducing deflocculation and a resultant colloidal

state of clay, is very readily shown; for instance, I

have here some powdered kaolin, a small quantity of

which I will place in a test tube, add water, and after

shaking, set aside. Another portion of the kaolin I will

put into a beaker, and moisten with a water solution of

tannin, to which a small amount of ammonia has been

added. After a thorough mixture has been made,

using a glass rod to stir with, to eliminate as much as

possible any grinding action, T will add more water

and divide the contents of the beaker between two test

tubes. To one of the tubes containing tannin-treated

clay I will add a little common table salt. The three

tubes I will place here before you. that we may ex-

amine them later.

In the summer of 1906 I succeeded in making arti-

ficially a high-grade graphite which T wished to make

applicable to all kinds of lubrication. To meet the va-

rious demands, it would be necessary to have it remain

diffused in lic|uids lighter than itself ; for instance,

water and petroleum oils. Recalling the effect of tan-

nin on clay, which caused it to remain diffused in wa-

ter, I treated a sample ol my graphite with laimin, and

found the same effect occurred. The graphite being

black, it makes a better lecture demonstration than the

clay I have shown you, and I will repeat my experi-

ments, using graphite. I have here a sample of arti-

ficially made graphite, which has been disintegrated to

a fineness that will permit it to pass through a sieve

having 40,000 meshes to the square inch. I will intro-

duce a small quantity of it into a test tube, add water,

and after shaking, set aside. Another sample I will

place in a beaker and moisten with a solution of or-

ganic matter, and after thoroughly stirring with a

glass rod, I will add water and divide it between two

test tubes, to one of which I will add table salt. These

three tubes I will place beside those holding the clay,

to be examined later.

The actual amount of deflocculating effect produced

on the graphite in the beaker is very small indeed. In

commercial work considerable mastication and time

are required. I have here a bottle containing water

having two to three tenths of I per cent of its weight

in deflocculated graphite, the deflocculation having

been produced by a treatment similar to that I have

applied to the graphite in the beaker, and a little of it

being poured on a lilter, you see the black liquid run-

ning into the test tube below the filter. The paper re-

tained none of the graphite on its upper surface, all of

it having passed into and through the paper. I will

now add two or three drops of acid to the black liquid

in the tube, and after warming over a spirit lamp, will

throw it on another filter paper, and you now see a

clear, colorless liquid descending into the tube below

the filter. This is the water in which the graphite in a

deflocculated condition was dift'used ; the graphite hav-

ing been deflocculated by the acid is now retained on

the upper surface of the filter paper. The effect I

have produced with the acid could have been produced

with a solution of salt, lime water, or any one of that

large list of substances known as electrolytes, even so

weak an acid as carbonic acid if caused to bubble up

through water carrying deflocculated graphite will

cause flocculation and sedimentation.

Upon being deflocculated, the graphite is dift'used

through the water in a colloidal state, and I have sam-

ples of deflocculated graphite in water which have

stood for more than two years without showing any

settling, notwithstanding the graphite is two and twc>

tenths times heavier than water.

T have been able to obtain this same effect on nat-

ural graphite, amorphous alumina and silica, lamp

black, and my manufactiu-ed product—Siloxicon,

which is an amorphous body having the formula

SioC.X). The effect can be produced with a long list of

organic bodies ; for instance, tannin or organic sub-

stances containing tannin, also with solutions contain-

ing the gum of the peach and cherry tree, or extracts

from straw and grass. The offal from the barnyard

proved to be very efficient. I speak of these organic

substances as agents when used to produce defloccula-
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tion, and they act as protective colloids to the defloccu-

lated body.

Some minutes have now passed by, and we will ex-

amine the tubes containing the clay and the graphite.

We find the clay that had been mixed with plain water

has settled. The mixture of clay, water, organic mat-

ter and salt has also cleared, while the tube containing

the clay, water and organic matter remains muddy. In

like manner the tube containing the disintegrated

graphite in water has cleared ; the second one contain-

ing water, graphite and organic matter remains black

;

while the third tube, which was set up the same as the

second, but had a little salt added to it, has cleared.

Apparently a great affinity existed between the or-

ganic and the inorganic substances introduced into the

water. The inorganic body abstracted the organic

from the water, and in doing so, was deflocculated.

Each particle as it was thrown off was enveloped in

an aqueous jelly of the organic agent, or at least such

was the working hypothesis I followed to arrive at my
results, and I find it difficult to think of this breaking

up stopping short of the final subdivision with the re-

sultant separation into individual molecules, or the

smallest particles into which a body can be subdivided

without loss of identity.

As I have already stated, I deflocculated clay in the

year 1901 and graphite in 1906 and immediately after-

wards a number of other bodies. I early imderstood I

was producing colloidal conditions of these bodies, but

not until the summer of the present year, 191 1, did I

read any treatise on colloids, being familiar with this

state of matter only in a very general way. During

the summer I procured a copy of the book "Colloids

and the Ultramicroscope," as written by Dr. Richard

Zsigmondy and translated into English by Jerome
Alexander, of New York. I found the book extremely

interesting, and at once wished to have a sample of my
deflocculated graphite subjected to ultramicroscopic

examination. ;\Ir. Alexander kindly undertook the ex-

amination. He found the graphite in the deflocculated

condition to be in a true colloidal state, the particles

being in rapid motion, and he estimated their average

size in linear dimensions to be 75 millimicrons. Sev-

enty-five millimicrons are seventy-five millionths of a

millimeter, and it would require slightly more than

13,000 of the particles to extend one millimeter. Now,
the particles of disintegrated graphite, used as the

crude material from which to produce deflocculated

graphite, pass, as I have stated, through a sieve having

40,000 meshes to the square inch and their maximum
linear dimensions such that it would require 13 of them
to extend one millimeter. Hence, the particle of disin-

tegrated graphite is one thousand times greater in

linear dimension than the deflocculated one. These
are figures that certainly test our powers of apprecia-

tion.

I have been asked, "Why don't you speak of the

graphite as colloidal?" Knowing now that it is in a

colloidal state, I speak of it as being colloidal, but when

I am speaking of my process I am talking of a method
of producing deflocculation. \\'hen does that process

of deflocculation stop? Is it short of the final subdi-

vision and the throwing off of the molecule ? I think

not. I believe we are here dealing with luolecules.

Their size may not agree with what they should be as

computed in accordance with accepted theories, but,

nevertheless, I cannot conceive the subdivision once

started, in the presence of sufficient deflocculating

agent, will stop short of the final, with the freeing of

the molecule nnd the creation of the colloidal state.

How did all this I have been telling you come to

happen ? The following quotation aptly tells how :

"It's generally the fellow who doesn't know any bet-

ter who does the thing that can't be done. You see, the

blamed fool doesn't know it can't be done, so he goes

ahead and does it."

An International Hygiene and Maritime Exposition

will be held in Genoa, Italy, from October, 1912, to

July, 1913. The exposition is intended to illustrate

progress made in matters relating to hygiene and mari-

time affairs in general. The program established by

the committee comprises, in the section devoted to

hygiene, exhibits covering developments made in prac-

tically all branches of the science. The maritime ex-

hibits are to be very broad in scope, covering practic-

ally every department of navigation and maritime af-

fairs. Besides the exhibits shown, numerous lectures

will be given to explain them by persons notably well

qualified to speak on the subjects assigned them, thus

assisting the exhibitors in a more widespread diffusion

of popular knowledge regarding these important mat-

ters. Detailed information as to the exposition may
be secured by addressing the Comitato Esecutivo della

Esposizione Internazionale di Alarina e di Igiene,

Piazza Corvettn Xo. i . ( lenoa.

The production of iron ore in south Russia centers

at Krivoi-Rog and Kertch. the first named predomi-

nating in importance. In 1909, owing to the mines

having put out rather more than market requirements,

there accumulated quite a quantity at the pits' mouths.

On January i, 1910, this accumulation of ore at the

Krivoi-Kertch mines was 595.800 and 108.000 tons,

which decreased to 563,400 and 81,000 tons, respec-

tively, on July I, 1910. Increasing demands further

decreased these accumulations to 450,000 and 45,000

tons on January i, 191 1, and to 363,000 and 7,200 tons

by July I this year. The present strong demand is

indicated by the output for the first half of 191 1

—

2,466,000 tons, against 2.136,600 tons for the same

period in 1910 at Krivoi-Rog, and at Kertch 138,400,

against 160.200 tons. The demand was principally for

ores of no less than 62 per cent iron. The price of

ore this year averages from /ij/i kopecks (kopeck

equals yz cent) to 8 kopecks per pood (pood equals

36 lbs.) at the pit's mouth, this being 13^ to i^
kopecks per pood more than last year.
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A NOTE ON THE ASSAY OF FORMALDE-
HYDE.*

By ELIAS ELVOVE.t

It has been shown by Williams' that the two differ-

ent types of methods for estimating formaldehyde,

namely, those dependent on the oxidation of the for-

maldehyde and those dependent on its forming con-

densation products, do not yield concordant results.

In explanation of this discrepancy, Williams advances

the view "that either the condensation reactions are not

complete or a small part of the formic acid is oxidized

farther." He also reaches the conclusion that the

hydrogen peroxide method is the most satisfactory for

strong, impure solutions ; while "the potassium cyanide

method is recommended for dilute, impure solutions."

Recently, the writer has had occasion, in connection

with the study of embalming fluids- which has been

in progress in this laboratory, to make a comparatively

large number of determinations of the quantity of free

formaldehyde in these fluids. Owing to the possible

presence in such fluids of substances other than for-

maldhyde which on oxidation will yield acids (thus

rendering the hydrogen peroxide method inapplicable),

or other reducing substances (thus invalidating the

iodometric method), it was found necessary to resort

to one of the condensation methods, and the potassium

cyanide method was chosen. It became of interest,

therefore, to look into the points raised by Williams

as to the discrepancy of the results obtained by the

oxidation and condensation methods and the possible

incompleteness of the condensation reactions.

The methods investigated by Williams were those

which are most generally recommended for the deter-

mination of formaldehyde, namely, the ammonia

method of Legler,^ the hydrogen peroxide method of

Blank and Finkenbeiner,'' and the iodometric and potas-

sium cyanide methods of Romijn.'* His conclusion

that the results obtained by the condensation methods

are lower than those obtained by the oxidation meth-

ods, is in hannony with the previous work of Smith,"

who also found that, as compared with the Legler

method, "the hydrogen peroxide method almost in-

variably gave higher results." Smith also seems to

hold the view that the potassium cyanide method is

applicable to dilute solutions only, since he refers to the

•From the American Journal of Pharmacy.
tHyfflenlc Laboratory. U. S. Public Health and Marine-Hos-

pital Service, Washington, D. C.
iJour. Amer. Chem. Soc, 27, 596-601 (1905).
"It is expected that the results of this study will shortly be

published as a Hygienic Laboratory Bulletin,

KCN method as a "method which is applicable to solu-

tions containing but small quantities of formaldehyde"
;

and while he concludes that "the iodometric and potas-

sium cyanide methods give good results on dilute solu-

tions," he adds that "it should be remembered that in

diluting strong solutions to the range of these methods,

a small error in weighing may be considerably multi-

plied." Apparently influenced by this suggestion of

Smith, many authors on analytical chemistry do not

recommend the potassium cyanide method except in

the case of dilute solutions. Thus Leflfmann and

Beam,' referring to the work of Smith, state that for

the determination of formaldehyde the choice of the

method "will depend on the strength of the solution,"

recommending the iodine method of Romijn in the case

of moderately strong solutions and the potassium cyan-

ide method for dilute solutions. Likewise, from

Schimpf,* who also refers to the work of Smith, one

gains the information that "the Blank and Finken-

beiner method is very satisfactory for strong solutions"

and "the iodometric and potassium cyanide methods

give good results on dilute solutions." Similarly,

Leach" omits the potassium cyanide method as a suit-

able method for determining formaldehyde in the com-

mercial preservative, although listing the iodometric

method,'" the method of Blank and Finkenbeiner and

the ammonia method ; while the potassium cyanide

method he recommends only in the case of very dilute

solutions such as are met with when determining for-

maldehyde in milk." The impression, therefore,

which one obtains from the literature on the subject

as has been referred to, is that while the potassium

cyanide method is admittedly a very good method for

determining formaldehyde in dilute solutions it is not

recommended in the case of the concentrated or mod-

erately strong solutions, and that in such cases it is

preferable to use one of the other methods, of which

the hydrogen peroxide method is the most favored.

An examination of the leading pharmacopoeias as to the

methods chosen for assaying commercial formaldehyde

solutions also seems to confirm the conclusion that the

potassium cyanide method is not generally regarded

as a method suitable for use in such cases. Thus the

U. S. Pharmacopoeia (1905) adopts the hydrogen

peroxide method, the German Pharmacopoeia (1910)

gives the acidimetric sodium sulphite method, the

'Ber., 16, 1333-1337 (1883).

•Ber., 31. 2979-2981 (1S98).

"Zeit. anal. Chem., 36, 18-24 (1897).

•Jour. Amer. Chem. Soc, 25, 1028-1035 (1903).

'Leffmann and Beam: Food Analysis, 2d ed., p. 84 (1905).

»Schimpf: Manual of Volumetric Analysis, 5th ed., pp. 644-645
(1909).

,

"Leach: P''ood Inspection and Analysis. 2d ed., p. SI9 (1907).
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British Pharmaceutical Codex ( 1907) recommends the

ammonium chloride and iodometric methods, while the

French Pharmacopoeia (1908) agrees with the U. S.

Pharmacopoeia in giving preference to the hydrogen

peroxide method. Finally, we may mention that ac-

cording to Fresenius and Griinhut^- there really are

only four methods in use for assaying commercial for-

maldehyde, namely, the ammonia method of Legler, the

method in which the formaldehyde is treated with so-

dium hydroxide in pressure bottles, the hydrogen

peroxide method of Blank and Finkenbeiner, and the

iodometric method of Romijn.

On the other hand, the meaning of the objection ad-

vanced by Smith against the use of the potassium

cyanide method for determining formaldehyde in strong-

solutions, namely, "that in diluting strong solutions to

the range of these methods, a small error in weighing

may be considerably multiplied," is difficult to under-

stand. For supposing that i gm. of the formaldehyde

solution is weighed out, diluted with distilled water

to 100 c.c. and 25 c.c. of the resulting solution taken for

the analysis, and supposing that the delicacy of the bal-

ance used is only ± o.ooi gm., then the actual amount
taken for the analysis would be 0.250 gm. q: 0.00025

gm., involving therefore a possible error of ± o.i per

cent. Now if the step of diluting and taking for the

analysis an aliquot portion were omitted and the total

amount weighed out were used for the analysis, the

amount so taken would be i. it o.ooi gm., the possible

error involved would therefore be exactly the same
as before, namely, ±0.1 per cent. It is possible that

"error in weighing" is an oversight, the intention hav-

ing been—error in measuring. If this was the inten-

tion, we can readily see how an error might be intro-

duced through an error in measuring. For supposing

that instead of using for the analysis the entire amount
weighed out, it be diluted to a definite volume and 5
c.c. of this solution taken for the analysis. In meas-
uring out the 5 c.c. there might be an error, say of

± 0.05 c.c. This would introduce an error of zj= i per

cent, which would have been avoided if the analvsis

had been carried out directly on the weighed amoimt
of formaldehyde solution. But even in this case the

error would not be "multiplied," unless more than one

dilution be made. Moreover, if instead of using only

5 c.c. of the diluted solution a larger volume be taken,

say 25 c.c. an equal absolute error in the measuring

'"Ibid. It may be noted in this connection that both here andm the first edition (p. 6G5) there seems to be an error in somf
of the figures given. For if we t:\ke 10 c.c. of a 3 per cent
formaldehyde solution (it is directed that the solution is to be
diluted "to a strength not exceeding- 3 per cent") we will be
operating on about 0.3 Gm.: and since "two atoms of iodine are
ea.uivalent to one molecule of formaldehyde," 0.3 Gm. HCHO
will reouire 200 c.c. of n/10 iodine, whereas according to the
given directions only 25 c.c. of n/10 iodine are to be taken. The
same error is found also in Leffmann and Beam; Food Analvsis,
id ed.. p. ,'4 (l!lO."i).

"Ibid., p. ISl. There seems to be also an oversight in this
connection, since it is directed to use ferric chloride as the
indicator in titrating the excess of silver.

'-Zeit. anal. Chem., 44, p. 13 (1!I0,t): "Doch sind es—soweit
unsere Kenntnis reicht—im wesentlichen nur vier Verfahren.
deren man sich in der Technik zur Betriebskontrolle. sowie zur
^'ertbestimmung des Handelsproduktes. bedient: die .Ammoniak-
Methode von Legler. die Oxydation mit Natronlauge in Druck-
flaschen, die Wasserstoffsuperoxyd-Methode von Blank und
Finkenbeiner, und endlich die jodometrische Jlethode von
Romijn,"

would, of course, relatively be only one-fifth, or reduc-

ing the possible error from d= i to zt 0.2 per cent. In

other words, a procedure which would involve the

dilution of a certain weight of the strong formalde-

hyde solution to 100 c.c. and the use of 25 c.c. of the

diluted solution for the analysis, would ordinarily in-

volve no greater error than the inherent errors of vol-

umetric analysis. And since all the methods com-

pared are volumetric, any such errors may be con-

sidered equally possible in all of them. For suppos-

ing that in measuring out the 25 c.c. of the diluted

formaldehyde solution there might be an error of ±
0.05 c.c. or ± 0.2 per cent, might there not also be a

similar error when the same measuring instrument

will be used for measuring out the 25 c.c. of twice

normal XaOH (according to Smith) in the case of

tlie hydrogen peroxide method? Besides, in taking

25 c.c. of the 100 c.c. of the diluted formaldehyde so-

lution it is not necessary that the measuring instru-

ment used should measure out exactly 25 c,c. but only

that the v^olume so measured out be one-fourth of the

total, and whether this is the case can be readily and

conveniently ascertained by using the same measuring

instrument for filling the empty 100 c.c. flask with

water and seeing whether four fillings will fill it ex-

actly to the mark. This will prove the accuracy of the

instrument for this purpose or enable the operator to

apply the proper correction. It would seem therefore

that if the potassium cyanide method is an excellent

method for determining formaldehyde in dilute solu-

tions it may be used with equal advantage in the case

of strong solutions by suitably diluting the latter with

water.

That such is really the case may be seen from

Smith's own results. Using the potassium cyanide

method for strong formaldehyde solutions, in which

case "all solutions containing more than one per cent

were diluted," the three results given in the case of

the 37 per cent formaldehyde solution are: 37.12,

37.07, and 37.18 per cent. Likewise, the results of

Williams, when using the potassium cyanide method

for determining the formaldehyde in the concentrated

solution, show that very concordant results are ob-

tained by this method. Thus six determinations

yielded the following percentages: 35.15, 35.06, 35.23,

35.01, 35.21, 35.07, or a maximum difference from the

average (35.12) of only o.ii per cent. When using

the hydrogen peroxide method, four determinations

yielded the following percentages : 35.82, 35.92, 35.74

and 35.78, or a maximum difference from the average

(35.81) of o.ii per cent. It is thus seen that the

potassium cyanide method can be applied to strong

formaldehyde solutions by suitably diluting them, the

results thus obtained being equally concordant as those

obtained by the hydrogen peroxide method. It there-

fore remains only to clear up the point as to whether

or not the lower results obtained by the potassium

cyanide method as compared with those obtained by
the hydrogen peroxide method may be due to possible
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incompleteness of the reaction between the KCN and

the formalclehj-de.

If we will suppose that the reaction between the KCN
and the formaldehyde is not complete, we must as-

sume that the value of Cip^q^ in the general question

Y= v— z\ = cpq— c,p,q„

which is the fundamental equation underlying all

chemical dynamics,'-' is not negligible but has a yalue

which would account for the lower results obtained

by the KCN method. That is, in the reaction between

the formaldehyde and the KCN, which may be rep-

resented by the equation

H

CH,0 + KCN -* N = C-C-O-K

H
we must assume that the velocity of the reaction which

tends to decompose the condensation product back

into formaldehyde and KCN has an appreciable value.

From the law of mass action it would follow, there-

fore, that if we were to vary the mass of one of the

reacting substances the point at which equilibrium is

established should also vary; just as in the classical

instance of an incomplete reaction, namely, the reac-

tion between acetic acid and ethyl alcohol, in which

case Berthelot and Pean de Saint Gilles" found that

by varying the amount of alcohol with respect to that

of the acid the amount of ester produced also varied,

being only 66.5 per cent of the theory when one equiv-

alent of alcohol was used but increasing to 82.8 per

cent when two equivalents of the alcohol were added.

In order, therefore, to determine whether any such

variation occurs in the case of the reaction between

formaldehyde and KCN, the following experiments

were carried out on mixtures of formaldehyde and

KCN, in which the amount of KCN added varied from

approximately one to three equivalents.

MODE OF PROCEDURE.

A formaldehyde solution was prepared by diluting

21.1879 g'lis. of a sample of U.S. P. solution of for-

maldehyde to 2000 c.c. with distilled water. Portions

of 15 c.c. of this solution were mixed at room-tem-

perature (22-25° C.) with varying amounts of ap-

proximately n/io KCN, the minimum amount of

which was just a little in excess of that theoretically

required to combine with all of the formaldehyde

taken, while the maximum amount of KCN used was

about two equivalents more than necessary for a

complete equimolecular union. The KCN solution

was prepared from a sample of Kahlbaum's potassium

cyanide, and its value in terms of tenth-normal silver

nitrate was determined simultaneously with each series

of experiments, the determination being carried out

in a manner similar to that used for determining the

uncombined cyanide in the experiments. The mixing

of the formaldehyde and potassium cyanide solutions

was generally effected in Erlenmeyer flasks ; and im-

mediately after mixing (the latter operation consuming
about half a minute), the resulting solution was added

to a mixture of a known amount of silver nitrate and

nitric acid in a 200 c.c. measuring flask. The amount
of silver nitrate used was sufficient in every case to

combine with all of the excess of KCN and calculated

to leave in the filtrate, for the subsequent titration,

the equivalent of about 2 c.c. of n/io KCNS per 100

c.c. of the filtrate. The amount of nitric acid used

was 10 or 20 c.c. of U.S. P. dilute ( 10 per cent) nitric

acid. After thoroughly washing the Erlenmeyer flask

in which the KCN and formaldehyde solutions were

mixed and adding the washings to the flask containing

the acidified silver nitrate solution, the whole was
made up to 200 c.c. with distilled water, thoroughly

shaken, filtered through a dry filter, and 100 c.c. of the

filtrate titrated for the excess of silver by means of

n/io KCNS, using 2 c.c. of a 10 per cent ferric alum

solution as indicator. The results obtained are given

in Table I.
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in the original paper of Romijn or those of Smith or

Williams. In fact, none of the literature examined

has any reference to this point ; while from the state-

ment of Romijn that the method is based on the

property^^ of formaldehyde to immediately add itself

to potassium cyanide and his unmodified general state-

ment'" that when the KCN is in excess so much of the

KCN becomes combined as to correspond to one

molecule of KCN for every molecule of formaldehyde,

one might suppose that the relative amount of the

excess of KCN to be added does not matter. This con-

clusion would gain further support from the statement

of Smith^' that the determination is carried out by

mixing the formaldehyde "with a known quantity of

potassium cyanide, the latter being in excess."

In order to determine the eiTect of varying the time

or the temperature, two series of experiments were

carried out. In one of these, the mixtures of formalde-

hyde and KCN were allowed to stand for different

intervals of time at the constant temperature of 15^ C.

and the residual cyanide then determined in the usual

way. In the other, the time was constant but the

temperature was made to vary between 5° C. and

40° C. In those cases where the mixtures had to stand

for a considerable length of time, the flasks containing

same were tightly stoppered by means of glass or

rubber stoppers and the value of the KCN solution was

controlled by letting it stand under similar conditions

and determining its strength at the end of the experi-

ment. The experiments designed to show the effect

of temperature were carried out as follows : The
formaldehyde solution was placed in one Erlenmeyer

flask while the KCN solution which was to be added

to it was placed in another similar flask and both were

then warmed or cooled to the desired temperature by

being set in a large water-bath which was kept about

a degree above or below the desired temperature, re-

spectively. The time thus consumed was about half

an hour. The KCN: solution was then poured into

the flask containing the formaldehyde solution and the

mixture quickly transferred back again into the flask

which contained the KCN solution and mixed in the

usual way, while the flask containing the solutions

was still immersed in the water-bath. This mixture

was then quickly poured into a mixture of silver

nitrate'* and nitric acid, in a 200 c. c. measuring flask,

and mixed with it. Both flasks were then thoroughly

washed with di,stilled water, the washings added to

the silver solution, and the whole made up to 200 c.c.

From this point the procedure was the same as that

already described. Each of the different conditions of

time and temperature was studied with three different

KCN excesses, namely, a KCN excess of approxi-

mately one-hundredth, one-fourth, and one-half of an

equivalent, respectively. The results obtained are

given in Tables II and III.

i^Zeit. anal. Chem., 36, IS (1897): "die Bigenschaft des For-
maldehyds. das Cyankalium sorfoi't zu addiren."

"Ibid.: "wenn ein Ueberschuss von Cyankalium vorhanden
war. wird von dem Cyankalium so viel gebunden. dass auf ein
Moleciil Formaldehyd ein Moleciil Cyankalium kommt."

'•Jour. Amer, Chem. See, 25. 1032 (1903).

From the results given in Table II it is seen that

when the mixture of KCN and formaldehyde is al-

lowed to stand 42 hours the result obtained is practi-

cally the same as when the mixture is immediately

added to the silver solution. From the results given in

Table III it is seen, however, that a variation in the

temperature does have an appreciable effect on the

results obtained, especially when the KCN added is

only slightly in excess of that required to combine

with all of the formaldehyde present. That this is so

may also be seen from the following experiments : To
each of four Erlenmeyer flasks there were added 25

c.c. of a dilute formaldehyde solution and 33 c.c. of an

approximately n/io KCN solution and the flasks tightly

stoppered by means of rubber stoppers. From the known
value of the formaldehyde and KCN solutions ^^ the

amount of KCN added was calculated to be approxi-
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On now repeating these experiments in exactly the

same way except that the excess of KCN wa"? in-

creased -" to approximately one-half of an equivalent

(using 48 c. c. of n/io KCN, whose factor was

0.9S75), the following results shown in Table III were

obtained

:

These results, therefore, like 'he results given in

Table III, show that when only a comparatively small

excess of the KCN is used, the ettect of a considerable

variation in the temperature manifests itself quite

markedly in the results ; but when the excess of KCN
is increased to about one-half of an equivalent, the

lesuUs obtained at 40° C. are only slightly lower than

those obtained at 5° C. : while the results given in

Table III show that a variation of the temperature be-

tween 5°C. and 30° C. had no appreciable effect on

the found value of the formaldehyde solution when

the excess of KCN was about one-half of an equiva-

TABLE
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method the results will be influenced by any substance

which on oxidation, under the conditions of the

method, will produce acid products capable of consum-

ing a portion of the alkali present, has led Fresenius

and Griinhut -* to recommend that in assaying commer-

cial formaldehyde by the H^Oo method the results ob-

tained should be confirmed by the iodometric method,

since it is only when both methods give closely agreeing

results that the mean of the two may be taken to rep-

resent the actual amount of formaldehyde in the

solution.

But these are not the only disadvantages of the H^O^

method. For according to Smith,^^ the "working

range" of the HoO, method, on the lower end, ends

with solutions containing about 5 per cent HCHO;
so that when we have occasion to carry out comparative

experiments requiring a knowledge of the formalde-

hyde content of the strong solutions and also of solu-

tions which contain considerably less than about 5 per

cent, formaldehyde, if we would use the H.Oo method

we would be obliged to use two different methods in

the same work. Therefore, should we not prefer a

method (the KCN method) which can be universally

applied to formaldehyde solutions, whether these be

strong or weak with reference to their formaldehyde

content, and which is based on a reaction that is char-

acteristic of aldehyde and also permits of distinguishing

and estimating formaldehyde in the presence of cer-

tain other aldehydes? Finally, we may add that the

KCN method has also the advantage of being based

ultimately on the beautiful and exact Volhard thio-

cyanate method and that the silver nitrate solution re-

quired comes nearest to the chosen ultimate standard

for volumetric solutions—pure metallic silver.""

In connection with the study of embalming fluids to

which has already been made above, it was desired also

to obtain an idea as to degree of variation in the

strength of the commercial formaldehyde on the

American market. Accordingly, samples were obtained

from the principal American firms who sell this article.

And inasmuch as, for the reasons given above, the

KCN method may be considered as more reliable for

determining the actual formaldehyde content of such

solutions, the determinations were carried out by this

method. Seven samples were examined. The results

obtained are given in Table IV.

The results given in Table IV show that the ma-

jority of the samples examined contained slightly less

^Zeit. anal. Chem.. 44, 15-16 (1905): "Wir sind immer datiir
eingetreten. diese beiden Arbcitswelsen bei der Handelsanalyse,
Insbesondere boi der Schiedsanalyse, neben einander zu benutzen
und das Mittel der nach beiden Verfahren erhaltenen und hin-
reichend iibereinstimmenden Werte als den waliren Formaldeliyd
gehalt anzu-sehon, Diese Forderung, zwei verschiedene Methoden
anzuwenenden, beruht darauf. dass beide nicht elgentllch auf
die directe Bestimniung des Formaldehyds abzielen. ilm also
nIcht in einer wolilcharacterisiorten und leicht zu identifizieren-
den yerbindungsform ab.sclieiden. Beide benutzen viel mehr
Reactioncn. die ausser dem Formaldehyd nocli sehr viele andere
Verbindungf^n zeigen kijnnen: die eine lasst alle Substanzen
linden, die in alkalischer Losung durch Wasserstoftsuperoxyd zu
Sauren oxydiert werden, die andere alle die jengien, die in
alkalischer LBsung durch Jod oxydiert werden Oder in anderer
Weiso .Tod verbrauchen, ohne es beim Ansfiuren wieder frei zu
geben."

=^.Tour. Amer. Chem. Soc, 25. 1034 (1903).
=«E1vove: Amer. Jour. Pharm,. S2, 203-211 (1910).
"Evans Sons Ijescher and Webb: Analytical Notes, 1907 190S,

p. 22.

formaldehyde than is required by the present U.S. P.

("not less than 37 per cent by weight"), and that only

two (Nos. 6 and 7) of the seven samples examined

may be said to have come up to its requirement.

Similar results have also been obtained by Evans

Sons Lescher and Webb,-' who found that the nine

samples of commercial formaldehyde solution which

they examined ranged from 37 down to 35.4 per cent

of absolute formaldehyde by weight. Likewise, Bach-

man-** reports solution of formaldehyde ranging from

36.6 per cent to 31.8 per cent, instead of the minimum
of 37 per cent as required by the present U.S. P.

Finally, we may mention in this connection that the

formaldehyde requirement of the French Pharma-

T.\BLE IV.—SHOWING THE HCHO STRENGTH OF VARIOUS SAMPLES
OF COMMERCIAL FORM.\LDEHYDE.
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Transfer 0.5 c.c. of the sample of Solution of

Formaldehyde to a well-stoppered Erlenmeyer flask of

about 150 c.c. capacity and determine its weight. Add
to it immediately ico c.c. of a solution of potassium

cyanide of a strength close to tenth-normal (6.5 Gm.
KCN to 1,000 c.c), the exact strength of which is

known. Mix well, and add to a mixture of 40 c.c.

n/io silver nitrate and 10 c.c. of dilute (10 per cent)

nitric acid, in a 200 c.c. measuring flask. Wash the

Erlenmeyer flask, adding the washings to the silver

solution, and make up the whole to 200 c.c. Shake

thoroughly, filter through a dry filter, and titrate the

excess of silver in 100 c.c. of the filtrate by means of

n/io ammonium or potassium sulphocyanate, using

ferric alum as indicator. The number of c.c. of n/io

sulphocyanate found to require, multiplied by 2, and

the product subtracted from 40, will give the equiva-

lent of the uncombined KCN in c.c. of n/io AgNO;,.

Subtracting this from the corresponding equivalent

of the total KCN added, multiplying the difference by

0.3, and dividing this product by the weight of the

sample taken, the quotient will represent the per-

centage by weight of absolute formaldehyde in the

sample.

THE FLUORESCENT TEST FOR MINERAL
AND ROSIN OILS.*

By PERCY H. WALKER and E. W. BOUGHTON.

The Outerbridge method' of detecting and estimat-

ing mineral and rosin oils in fatty oils, by taking ad-

vantage of the fact that the fluorescence, which is a

property of some oils, is very much magnified by ex-

amining the oil in the light of an inclosed arc, intro-

duces an entirely new method of oil-testing. The au-

thor of this method has made the interesting discovery

that samples of oil which in sunlight show no fluores-

cence, when examined by the light of an inclosed arc

frequently show a very strong fluorescence. He fur-

ther states that the examination of a large number of

vegetable oils failed to show a trace of fluorescence in

any of them, while all samples of heavy mineral and

rosin oil, whether debloomed or not, showed strong

fluorescence in the proper light. Based upon this ob-

servation, he proposes to rapidly detect and determine

mineral or rosin oil in fatty oils by matching the fluor-

escence of the oil under examination with that of a

prepared set of standard mixtures.

Outerbridge's statement that fluorescence is very

greatly magnified by making the observation in the

light of an inclosed arc has been verified in this labora-

tory. In addition to the lights used by Outerbridge,

the uviol light was tried but found to be in no way
equal to the inclosed arc, which is far superior for this

purpose to any other source of light.

Fluorescence in an oil does not, however, prove the

presence of mineral or rosin oil. Of the 16 samples of

pure linseed oil furnished by Committee D-i of the

American Society for Testing Materials, Nos. 3, 5, 6,

10, 12, 113, 14 and 16 showed no fluorescence, Nos. i,

2 and 1 1 showed slight fluorescence and Nos. 4, 7, 8,

9 and 15 showed marked fluorescence. A number of

samples of other fatty oils of known purity, some of

which were cold-pressed from the seed in the Bureau

of Chemistry, showed marked fluorescence, in some

cases as marked as that of many pure mineral oils.

In order to test the delicacy of the method, a sample

of kerosene, which alone showed very strong fluores-

cence in the light of the arc, was mixed with linseed oil

No. 3. This mixture, containing i per cent of kero-

sene, which could easily be detected by its odor,

showed a slight fluorescence, but it was not so marked

as that shown by linseed oil No. 4 without any addition

of other oil. The pure linseed oil No. 3 was then heat-

ed to 300° C. and after cooling was found to be strong-

ly fluorescent. The same development of strong fluor-

escence was observed in a sample of pure olive oil,

which, before heating, showed no fluorescence. The

examination of a number of turpentines demonstrated

that while many of these samples show no fluorescence,

some samples of mineral oil also show none, and some

samples of undoubted purity show marked fluores-

cence. It appears, therefore, that while it is interesting

to know that the inclosed arc is a very convenient

means of strongly magnifying fluorescence, this fluor-

escence is not proof of the presence of mineral or

rosin oil.

]\Iost of the sugar mills in Java have now adapted

their plants to the production of white sugars, al-

though they can revert with little alteration to the

manufacture of refinery sugars if necessary. The
area planted to sugar cane in Java in 1910 amounted

to 312,000 acres, against 301,134 acres in 1909 and

289,744 acres in 1908.

*From the Journal of Industrial and Engineering Chemistry
i"A Novel Method of Detecting Mineral Oil and Rosin Oil in

other Oils." By A. E. Outerbridge, Jr. Proceedings. Four-
teenth Meeting American Society for Testing Materials.

Details of production in the silver mines at Cobalt,

Canada, show the progress being made in the processes

of ore treatment. The quantity of concentrates

shipped, which during the first nine months of 1910

amounted to 4,623 tons, rose to 6,915 tons in the same

months of 191 1. , The efifect of this increase in the

concentration of low-grade ores was to diminish the

total tonnage of the shipments, which fell from 23,824

tons to 18,592 tons. Concurrently, the output of bul-

lion has largely increased, the shipments in the first

nine months of 1910 having a value of $247,263,

while in igii they were worth $1,116,571. The pro-

duction of the silver camps in ounces was as follows

:

Cobalt, 22,272,783; South Lorrain, 626,131; Gow-
ganda, 286,925. The last quarter of the year usually

shows the heaviest output, and the probability, there-

fore, is that 1911 will be considerably in advance of

1910, when the silver yield was 30,651,417 ounces.
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ELECTRIC SMELTING OF ZINC-LEAD ORES
AT SARPSBORG, NORWAY, AND AT

TROLLHATTAN, SWEDEN.

y\n English coinpany has been formed for the par-

pose of acquiring two electric smelting works, one at

Sarpsborg. Norway, and one at Trollhattan, Sweden,

and also the rights in connection with the construc-

tion of another at Tysc, near Odde, in Norway. The
process and furnace used at these works are intended

for the treatment of complex sulphide ores, and other

material such as Broken Hill slime, and the intimately

mixed sulphides of lead, zinc, copper and iron that

occur in large quantities in various parts of the world,

at present of little or no commercial value. Reports

have been made by J. C. Moulden for the Sulphide

Corporation, and by F. W. Harbord, the latter of

whom made thorough tests of the plants at Sarpsborg

and Trollhattan. The information in this article and

the description of the processes employed are taken

from recent reports by J. C. Moulden and F. W. Har-

bord. The electric furnace employed has carbon elec-

trodes, and the heating and melting of the charge is

effected by resistance with a ctirrent of low voltage.

One electrode is in the bed, and the upper one is re-

movable through the roof. The cross-section of the

upper electrode measures approximately 2y_[ sq. ft.

In the first furnaces the charge was introduced through

the roof, but more recently the door is placed in the

side and the operation is thus made more continuous.

The capacity is 3 tons, and 2.8 tons of roasted ore can

be treated per 23 hours. The horse-power per furnace

is 350, and at Trollhattan the cost of power supplied

by the hydro-lectric company is 30s. 3d. per horse-

power year. At Mr. Harbord's test on roasted Broken

Hill slime, the energy used per ton of ore was 2,078

kilowatt hours. There are n furnaces at Trollhattan.

The roasted ore, coke or anthracite dust and flux are

charged into the furnace, and most of the zinc and

some of the lead is volatilized. The greater propor-

tion of this is condensed as a crude spelter with high

lead content, but much of it is precipitated as metallic

fume and oxide, and has to be returned to the furnace

in subsecjuent charges. The lead that is not volatilized

is reduced as liquid metal, and it contains a consider-

able proportion of the silver. Matte is formed of the

iron, copper and sulphur, if present in the ore, and

some of the lead, zinc and silver passes into it. Some
lead also escapes with the slag. The crude zinc is re-

fined in other electric furnaces and the final zinc prod-

uct is exceptionally pure, averaging 99.9 per cent, and

commanding a premium price in the market. At the

time Mr. Harbord made his examination, the furnaces

were built of porous material, apparently similar to

that used in old-fashioned zinc-distilling retorts, and

some of the lead and silver percolated through and

had to be caught underneath: this he calls "leakage"'

lead. He found also that the lead that exuded in this

way during his experiments did not necessarily come
from the charges under his observation, and was part-

ly produced during the treatment of other ore at an

earlier period. Thus the silver contents of the lead

did not at all coincide with that of the ore treated by

him. The general results of his trials were by no

means ideal, and he makes ijiany suggestions for im-

provements ; but his conclusions are that the process

may easily be developed into one of prime importance,

especially at the new plant proposed at Tysse, where

the estimated cost of a horse-power-year is only 14

shillings. During his experiments at Trollhattan, seven

furnaces, during 27^ days, 518 tons of roasted Broken

Hill slime, 19 tons of calamine, 225/ tons of zinc-lead

powder produced previously, and produced 160.8 tons

of crude zinc which by refining yielded 112.4 tons of

pure zinc and 24.7 tons of lead, together with 36 tons

of powder; in addition to which 41 tons of lead was

tapped containing 141 oz. silver per ton and "leak"

lead amounting to 17 tons was recovered assaying 27

oz. silver per ton, also 9 tons of skimmings containing

zinc, lead and silver. The recovery from these vari-

ous sources was 64 per cent of the zinc, 74 per cent of

the lead and 46 per cent of the silver, not reckoning

the metals recovered in the powder form. Mr. Har-

bord goes into details as to many points where in-

creased extraction and lower costs may be obtained.

Mr. Moulden is of opinion that, by means of improve-

ments already indicated, the extraction should event-

ually be 75 per cent of the zinc, 80 per cent of the lead

and 80 per cent of the silver, and on this basis he fig-

ures the profit obtainable on slime bought from the

Sulphide Corporation and shipped to Sweden. This

slime is taken to average 32 per cent zinc, 23 per cent

lead and 25 oz. silver, and on the current basis of pay-

ment would cost £2. i6s. 8d. per ton at Broken Hill.

The freight to Trollhattan would be £2. 5s. 3d., making

the total cost per ton at the smelter £5. 8s. 5d. The
value of the recovered metals on the percentage fig-

ured by Mr. Moulden would be £9. 9s. iid. The cost

of treatment he estimates at £3. os. 7d., so that the

margin of profit would be £1. 9s. per ton of slime. It

is unnecessary to say that the process is in its infancy,

and that many improvements are already obvious ; also

that everything depends on the cost of electric heat.

Enough is shown, however, in these reports to make it

clear that the process and method of metallurgv' de-

serve close attention.
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CARBORUNDUM FOR SPECIAL STEELS.*

In the Revue de Metallurgie for September, 191 1,

is a long paper on the above subject by Dr. L. Bar-

aduc-Muller. It gives the results of his very inter-

esting experiments in the basic open-hearth plant of

Ougree-AIarihaye in Belgium.

Following the first laboratory tests, the first trial

was made on a 15-ton heat, the final composition

aimed at being 0.50 per cent carbon and 0.50 per cent

silicon. Briquettes were made from the following

mixture, measuring about 8.7 x 4.3 x 2 in. The total

weight added was about 400 kg. (882 lbs.).

Carborundum, 94.5 per cent pure 141.0 parts

Red oxide of iron, 95 per cent 214.0 parts

Carbon, 94 per cent pure 14.8 parts

Lime 8.5 parts

Anhydrous silicate of soda 6.0 parts

384.3 parts

The bricks, dry but not heated, were charged into

the furnace before tapping. They floated in the slag,

about two-thirds of their thickness being submerged.

They did not break up, notwithstanding the great

change in temperature. Their upper surface was soon

covered with little jets of burning carbon monoxide

and small incandescent globules of metal formed that

trickled down and through the slag. After being

charged for 22 minutes they had all disappeared. At

the end of the reaction tlie slag was frothy. When
casting the steel, the ingots did not show much silicon.

The analyses of a test taken before adding the bricks

and an average of three tests taken while pouring

are given belov^'. The increase of silicon is not 10 per

cent of that hoped for.

1st Test. 2d Test.

Carbon 0.44 0.54

Manganese 0.766 1.19

Sulphur 0.059

Phosphorus 0.064

Silicon V 0.018 0.051

Calculation shows that only 8.1 per cent of the

silicon charged has entered the steel, after allowing

for a normal loss of 30 per cent. The great loss is

brought about by the silicide of iron produced

trickling in small drops through a basic slag, which

also contains considerable oxide of iron. The bricks

are also evidently too large, because of the long time

it takes for their melting.

A second test was made on a 15-ton heat, the final

analysis wished for being 0.2 per cent silicon, 0.25

per cent chromium and 0.45 per cent carbon. Forty-

five bricks were taken of the same size as before, but

each one was cut into four parts. The total weight

was about 251 lbs. (114 kg.). The mixture used was :

Carborundum. 94.5 per cent pure 23.7 parts

Sesquioxide of chromium, 98 per cent pure 60.6 parts

Carbon. 94 per cent pure 7.3 parts

Lime 1-2 parts

Anhydrous silicate of soda 3.0 parts

96.8 parts

These briquettes were charged as before, and had

•From The Iron Age.

all disappeared in 15 minutes. The slag was sUghtly

foamy. The chief point of interest was to see how
much chromium would be introduced. A tapping test

gave 0.02 per cent silicon, and the final steel gave

:

Carbon 0.450 per cent

Sulphur 0.064 per cent

Phosphorus 0.027 per cent

Manganese 0.630 per cent

Silicon 0.225 per cent
Chromium 0.220 per cent

The result was therefore very satisfactory. Allow-

ing for a normal loss of 30 per cent, calculation shows

that 93.7 per cent of the chromium charged has en-

tered the steel. The high silicon in the steel was ob-

tained by the use of ferrosilicon.

Further tests were made with practical considera-

tions in mind. In order to obtain silicon, it was evi-

dently necessary to add the mixture either in the tap-

ping spout or the ladle. This made necessary a speed

of reaction such as would be complete before the slag

came. The minerals and other materials to be used

were crushed very finely, thoroughly mixed, and thin

cakes made about 4.3 x 0.98 x 0.39 in. The proper

weight of cakes was placed in a conical heap at the

bottom of the ladle, in such position that the jet of

steel would strike it. The first test under the new
conditions was made on a 15-ton heat, the final

analysis wished for being 0.6 per cent carbon and

0.25 per cent silicon. About 550 lbs. (250 kg.) of

the following mixture was used

:

Roll scale 100 parts

Carborundum, 94.5 per cent pure 53.3 parts
Carbon, 90 per cent pure 4.5 parts

Cement 10.0 parts

Silicate of soda 3.0 parts

170.8 parts

The analysis of the roll scale gave

:

FeiOs 65.10 per cent

FeO ' 26.20 per cent

Fe 5.30 per cent
Mn 0.60 per cent
Si02 (Sand) 1.00 per cent
Not determined 0.50 per cent

99.30 per cent

The cakes were previously heated in a small re-

verberatory furnace, and were probably at 600° C.

when the steel fell on them. ( It was hoped that this

would be hot enough.) This was done as a precau-

tion, for all that the steel had to do was to heat them

to 1,350° C. The reaction would then commence and,

being slightly exothermic, would have no tendency tO'

chill the steel and make a skull in the ladle. Ven,'

few cakes floated to the surface of the metal, and

the reaction was apparently over in i min. 23 sec.

The restilts of a final furi*ace test and of a ladle test

were as follows

:

Furnace Ladle
Test. Test.

Percent. Percent.
Carbon 0.62 0.65

Sulphur 0.030

Phosphorus 0.023

Manganese 0.650'

Silicon 0.018 0.169

Calculation shows that 66 per cent of the silicon
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available has been taken up by the steel, after allow-

ing for a normal loss of 30 per cent. This is consid-

erably better than before, but it is not yet entirely

satisfactory.

A second experiment was made with the small

cakes, except that they were not heated before using,

and after allowing for the normal loss, only 47 per

cent of the silicon in the mixture entered the steel.

Tests also showed that the silicon was not uniformly

distributed in the ladle of steel, the part poured the

last being much higher in silicon than the first. This

would indicate that not enough time was available

for the reaction, and the tests also show that the

silicon is produced toward the top of the ladle and

not rapidly and completely at the bottom, as it should

be.

'

The next experiment was made on a 15-ton heat

which was desired to be 0.45 per cent carbon, 0.25

per cent chromium and 0.2 per cent silicon. The

little cakes were made of the following mixture

:

Chromite 93.5 parts

Carborundum, 94.5 per cent pure 32. (J parts

Carbon, 90 per cent pure (5.0 parts

Silica, 95.0 per cent pure 10.5 parts

Cement ''0 parts

Silicate of soda 3.0 parts

153.4 parts

The silica was added to make a slag with the lime.

magnesia and alumina of the chromite, that would

melt between 1,350° and 1,380° C. The chromite

contained 58.8 per cent CroO^, 18.8 per cent FeO, 8.7

per cent FcoO,. 10.2 per cent MgO, 1.16 per cent CaO
and 2.46 per cent SiO.. About 595 lbs. (270 kg.) of

the mixture- was put in the bottom of the ladle. The

steel was poured hotter than usual, and the reaction

was over in i min. 40 sec. The analyses of the final

tapping test and of an average of three tests taken

while pouring the steel into ingots were as follows

:

Furnace Ladle
Test. Test.

Carbon 0.39 0.48

Sulphur 0.058 0.058

Phosphorus 0.019 0.034

Manganese 0.745 0.734

Silicon

Chromium
.0.0094 0.130

0.190

The three ladle tests showed a very uniform ma-

terial. Calculations show that 65.4 per cent of the

silicon and 85.3 per cent of the chromium entered

the steel, after allowing for the normal loss. The

aim of the experiment was to find out if natural oxides

could be used with the carborundum.

The experiment tried with the next heat was to see

whether chromium alone could be introduced and no

silicon. In other words, it was hoped that both the ,

carbon and silicon of the carborundum would reduce

chromium. The addition was made in the furnace,

as the basic slag could not af¥ect the silicon of the

mixture, and the usual amounts of ferrosilicon were

added in the furnace and ladle. The 15-ton heat was

desired to finish 0.50 per cent carbon, 0.20 per cent

silicon and 0.25 per cent chromium. The mixture

was made into bricks about 8.7 x 4.3 x 2 in., which

were cut into three parts. They were composed of

:

Chromite, with 58.8 per cent Cr 100 parts
Carborundum, 94.5 per cent pure 20.2 parts
Cement 12 parts
Silicate of soda 3.5 parts

135.7 parts

Ten minutes before tapping, about 397 lbs. ( 180

kg.) of the briquettes was charged, after taking the

last furnace test. The reaction was oVer in 7 min.

35 sec. The slag was a little frothy and the casting

temperature was normal. The analyses were as fol-

lows :

Furnace Ladle
Test. Test.

Carbon 0.51 0..53

Sulphur 0.050
Phosphorus 0.049 0.050
Manganese 0.648 0.609
Silicon 0.028 0.136
Chromium 0.200

The ladle test result is the average obtained on

three samples taken at the beginning, middle and end

of pouring. They agreed very closely, showing good
uniformity. After allowing for normal loss, it is

foimd that 79.3 per cent of the chromium was ob-

tained. The amount of ferrosilicon added was tm-

fortunately forgotten, so no calculations could be

made in regard to silicon.

Many pages are then devoted to the question of the

comparative cost of the carborundum method, and

the use of ferrosilicon and ferrochromium for adding

the required chromium and silicon to the steel. Under
the conditions existing in Belgium, the addition of

silicon alone by this method is not so cheap as the

use of ferrosilicon. When chromium and silicon are

to be added, however, the saving in cost varies from

23.3 per cent to 45.5 per cent. Laboratory tests show

that nickel-chromium steels can be also made by this

method, stid it would be interesting to see what re-

sults would follow the use of mixtures of carborun-

dum with tungsten, molybdenum and vanadium min-

erals.

As a consequence of the experiments outlined above

the method has been adopted by the Ougree-Alarihaye

works.

The production lyf the metalliferous mines and

works of the Province of Ontario for the first nine

months of the present year was: Gold. 2,276 ounces

($42,320); silver. 23,185,860 ounces ($11,593,286);

copper, 6,769 tons ($867,489); nickel. 12,711 tons

($2,731,575) ; iron ore, 172,868 tons ($437,650) ;
pig

iron, 296,856 tons ($4,482,635) ; white arsenic, 3,016,-

385 pounds ($45,535) ; cobalt and nickel oxides, 2"/"/,-

766 pounds ($80,372). This is an increase of $1,799,-

629 in the production of silver, $13,591 in gold, and

$163,744 in the output of iron over the first nine

months of 1910. The decrease in the production of

nickel in the same period was $258,076 ; copper, $54,-

047; and pig iron, $556,991.
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THE PREPARATION AND PROPERTIES OF
METALLIC CERIUM.*

By ALCAN HIRSCH.

Recognizing the fact that, in spite of the great vol-

ume of research upon the rare earths, but little had

been done upon the rare earth metals themselves, the

author undertook a thorough investigation of metallic

cerium, having in view, first, the preparation of

sufficiently large quantities of metal from the purest

possible cerium salts, and the study of its physical

and chemical properties and its alloys, and, second,

the preparation of alloys which might have commer-
cial value from the rare earth residues obtained as

by-products of the incandescent gas mantle industry.

The paper contains a bibliography of previous

work upon this subject, for which the reader is re-

ferred to the original, published in the Transactions

of the American Electro-Chemical Society.

In the preparation of cerium and the other rare

earth metals, two general methods have been used,

viz. : First, the reduction of the oxide or chloride by

one of the very electropositive metals ; and. second.

the electrolysis of a fused salt.

The general plan of the research here re\"iewed

was to make use of the mixed rare earth materials

in. working out the local conditions for the prepara-

tion of the compounds desired for reduction, and then

to apply these methods upon pure cerium compounds.

The material for the experiments was mixed rare

earth oxalates obtained as by-products of the extrac-

tion of cerium and thorium from monozite sand.

These oxalates, upon ignition at blast lamp tempera-

ture, yielded mixed oxides containing 97.8 per cent

rare earth oxides, of which about 49 per cent was

cerium dioxide.

Thermal reduction of the oxides by means of vari-

ous powerful reducing agents gave no satisfactory

restilts, compounds, alloys or lower oxides of the

rare earths being formed. Magnesium, calcium, alu-

minum and black thermite gave alloys or lower oxides.

Carbon and silicon gave carbide and silicide, respec-

tively.

For the electrolytic method of preparation, the pri-

manr demand was for pure, anhydrous salts capable

of fusion without decomposition. Trichloride and

double fluorides having been using the past, their

preparation and electrolysis upon a large scale was

investigated.

CeCl.;, like the chloride of magnesium, is decom-

posed into oxide and hydrochloric acid when its

aqueous solution is evaporated to dryness and the

residue calcined. Chloride containing oxide or oxy-

chloride cannot be electrolyzed, pure CeClg being nec-

essary to this process. After trying many schemes,

A review ot the author's work presented as a thesis for the
Doctor's Decree at the Unlversitv of Wisconsin, and read at

the Twentieth General Meeting of the American Blectrooheniical
Society in Toronto, Canada, Seplenibcr 21-2:i, 1911. Abstracted
bv C. 'a. Tibbals.

pure CeCl. which nicitcil to a limpid liquid and could

be readily electrolyzed was finally prepared as fol-

lows : Double rare earth ammonium nitrates were

evaporated very slowly with concentrated HCl until

converted to chloride. This chloride was then de-

hydrated by careful heating in an atmosphere of dry

HCl gas, the product, which is very hydroscopic, be-

ing sealed up in paraffined bottles. In this way large

quantities were prepared.

Anhydrous AF,, was prepared with difficulty, with

a view to using it as an electrolyte for the preparation

of cerium. This substance dissolves cerium oxide

giving a conducting solution, but the electrolysis of

this jarred material was found to be impracticable

for a number of reasons, of which the following are

chief: First, the solution of oxide in fluoride has a

very high melting point ( over i ,000° ) ; second,

graphite vessels alone will stand the corrosive action

of the fluoride, but at the high tempera,ture demanded

cerium unites with the graphite, forming carbide.

It was from the fused anhydrous chloride that

cerium was finally obtained successfully and in large

lots. Wrought iron vessels were employed, which

sen'ed as cathode as well as container, the anode be-

ing graphite. Currents of 200 amperes at 15 volts

yielded cerium at current efficiency of about 40 per

cent, the product, when pure CeClf, was used, being

a well-melted regulus containing about 98 per cent of

Ce and 1.2 per cent Fe.

The only efficient way of purifying cerium from

iron was by means of the cerium amalgams, in the

promotion of which the iron, etc., came to the surface

and was skimmed off. The cerium was finally sepa-

rated from the mercury by distillation in vacuo.

The physical properties of cerium may be briefly

stated as follows

:

The atomic weight of cerium is 140.25. Its spe-

cific gravity was found to be 6.92 at 25° C.

No definite crystals of cerium were obtained,

though photomicrographs of polished and etched sur-

faces show homogeneity of structure.

The hardness of the metal depends upon whether

the surface is rolled or freshly cut, the scleroscope

showing a hardness of 25.9 for rolled and 9.5 for

freshly cut surfaces.

Cerium is malleable and highly ductile.

Its specific electrical resistance is 71.6 microhms

per centimeter cube, while, on the other hand, its heat

conductivity is high.

Cerium is ferro-magnetic.

Its melting point, determined by an ingenious

method, was found to be 635° C.

The ultimate strength of cerium is equal to i2,t)oo

lbs. per s(|. in., the test bar breaking with a snap like

cast iron.

Its specific heat was found to be 0.0524.

The heat of combustion of cerium to COo. as de-

termined in a Mahler lioml) calorimeter, is about

60,900 cal. per gram.
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The thermo-electric and optical properties of the

metal were studied and some results given.

THE CHEMICAL PROPERTIES OF CERIUM.

Ce decomposes water, very slowly in the cold,

more rapidly at the boiling point of water.

Ethyl alcohol, auryl alcohol^ chloroform, carbon

tetra-chloride, concentrated sulphuric acid and con-

centrated alkali solutions have no action upon it in

the cold.

Ethyl ether and hydrogen peroxide react slowly

with Ce at room temperature.

Dilute H„Sot and concentrated and dilute HN03
and IlCe react moderately with cerium in the cold

and vigorously when hot.

Chlorine, bromine and iodine unite directly with the

metal, forming cerous salts.

Cerium burns in the air when heated to 160° C,

unites with hydrogen at 345° C, forming hydride,

and with nitrogen at 1,000° C, forming nitride. The

,-ulpb.ide is also formed by direct union. Ce does not

unite with carbon monoxide.

ALLOYS OF CERIUM.

Cerium was alloyed with a large number of ele-

ments, and the superficial properties of the alloys

noted. In most cases cerium was present to the ex-

tent of about 70 per cent.

The pyrophoric properties of the cerium alloys ap-

pear to be their most interesting aspect.

Iron, nickel, calcitmi, magnesium and silicon alloys

exhibit this property to the most marked extent, while

alloys of platinuin, tin. arsenic, selenium, lead, zinc,

cadmium, chromium, manganese and tungsten show-

it to a somewhat less extent.

The silver, gold, copper, antimony, tellurium, alu-

minum and mercury alloys are not pyrophoric.

The author ascribes the pyrophoric properties of

cerium alloys to the following causes : The alloys of

certain metals high in cerium are not homogeneous,

being made up of cerium and cerium-inetal compound.

The cerium is soft and malleable and acts as a binder,

while the compound is hard and brittle, and when

scratched with a file particles are detached. These

particles are raised by friction above the ignition tem-

perature of cerium (160°), and sparks result.

A number of the alloys disintegrate upon aging,

notably those of gold, silver, copper, tin, lead and

aluminum.

They are for the most part brittle and hard, al-

though the alloys of cerium with gold, antimony,

arsenic ahd lead are somewhat soft.

The author acknowledges obligation to Mr. H. S.

Miner, chief chemist of the Welsbach Light Com-
pany, for rare earth materials furnished by him, and

to Professors Burgess and Leuber of the University

of Wisconsin.

USES OF BLAST FURNACE GAS: RESULTS
IN THE OPEN HEARTH FURNACE—

WHEN MIXED WITH COKE
OVEN GAS.*

Curing lemons in the sweat houses by exhaust from

gasoline engines instead of by coal-oil stoves is being

tried in California.

In his dissertation for the degree of doctor of engi-

neering, presented at the University of Breslau, Rudolf

Buck discussed at length the "Uses of Blast Furnace

Gas."* After a brief historical introduction he takes

up the subject under the following headings

:

1. The uses of blast furnace gas in well known
ways, with special consideration of the latest develop-

ments.

2. The blast furnace gas burner.

3. The use of blast furnace gas in the foundry.

(a) In pipe foundries.

(b) In ordinary foundries.

4. Its use in open hearth furnaces.

5. Its use for the heating of coke ovens.

Especial stress is laid on the suitability of blast

furnace gas for use in the foundry, for drying molds

of all kinds, heating ladles, etc. Man)- tests have been

made of the gas alone, and when mixed with coke

oven gas. and also of hot air from the blast furnace

stoves. Coke oven gas, because of its large percentage

of hydrogen, is not suitable for foundry use. For in-

stance, in drying a pipe mold the lower part is well

dried, but the water produced from the hydrogen when

burnt condenses in the upper part and keeps it moist.

Because of this, coke oven gas either alone or mixed

with blast furnace or producer gas should not be used

for foundry work. Hot air from the stoves is not

economical, as the blast furnace gas can be burned

more profitably directly in the foundry. Waste gases

from the stoves and boilers are not suitable, because of

the great variation in temperature.

METHODS OF CLEANING THE G.\SES.

The composition of the blast furnace gas is briefly

considered,, and then its purification iis taken up.

Emphasis is laid upon dry cleaning, brought about by

sudden changes in the direction of the gases, and by

reducing the velocity by increasing the area of the

pipes. The so-called dust pockets are for this latter

purpose : they also serve to imiformly lower the tem-

perature. It is not impossible that the change in vol-

ume caused by the drop in temperature has an im-

portant influence on removal of the flue dust. The

most suitable construction for these dry purifiers has

not yet been decided upon, many different types being

experimented with. Tlie main thing is to build them

with the greatest possible diameter in order to bring

about the greatest possible lowering in velocity.

An example may be taken from practice. The dry

cleaner is 65 ft. 75^ in, high and 27 ft. loj^ in. diam-

eter. The incoming gas has an average velocity of

'From The Iron Age.
tReproduced in Stahl und Eisen, issues of July 20 and 27 and

August 3, 1911.
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19.7 in. per second, antl the highest value is 31.5 per

second. The dust was from 2.6 to 3.5 grains per cu.

ft. and the temperature 390° F. The gas left with a

temperature from 170 to 212° F. and from 0.65 to

0.78 grain of dust per cu. ft. This corresponds to 60°

lowering of the amount of dust. It is impossible,

however, to use this roughly cleaned gas direct in gas

engines. Today gas cleaning is divided into rough and

final cleaning. The first is divided into dry and wet

rough cleaning. The latter, that follows the rough

cleaning, is divided into wet cleaning in fans or cen-

trifugal washers and dry cleaning with filters and fans.

The most important thing about wet cleaning is that

it is necessary to reduce both the dust and the water

as low as possible and also to cool the gas to a mini-

mum. These subjects are dealt with briefly, the author

favoring centrifugal washers for removing the very

fine dust. He complains, however, of the cost of ef-

fecting wet cleaning by whatever system.

ADVANTAGES OF CLEANED GAS.

The advantages of cleaning the gas are given as

follows

:

1. The troubles brought about by pipes being

stopped up with flue dust are either removed entirely

or reduced to a minimum.

2. The volume of the gas is greatly reduced,

whereby the pipes may be made smaller, thus bring-

ing about lower erecting costs.

3. The steam in the gas is condensed and sepa-

rated.

4. The gas is more easily lighted and burnt.

5. The heating value of the gas is increased and

its efficiency greater for any kind of use.

6. The operation of stoves and boilers is more

regular.

7. The cost of cleaning pipes and tubes is lower

and the furnace will not have to stop so often.

8. The cleaning of the stoves, bringing about los-

of heat, will not be necessary so often and the un-

favorable action on the brick work through cooling

and cleaning will be less.

9. The life of the whole apparatus will be con-

siderably increased and the cost for material will be

less.

10. The heating surfaces in the .stoves being cleaner

the efficiency will be greater. This means saving of

gas.

I r. The operation of the gas engines will be more

certain.

12. Electrical energy can be produced by means of

gas engines and the excess over requirements can be

sold to neighboring works or communities.

13. Thorough final cleaning of blast furnace gas

makes its use possible in open hearth furnaces, in mix-

ers, for drying operations, in foundries, for heating

furnaces in rolling mills, etc.

14. It can be used to heat coke ovens, the dearer

coke oven gas being sold in large part for lighting

purposes.

These advantages are not brought about by remov-

ing the dust only, but also by cooling and reducing the

water to the lowest possible amount. The drying of

the gas can hardly be effected except by vigorous cool-

ing, when the maximum amount of steam is condensed

and separates as water. Practice has shown that the

loss of heat through cooling is not so great as the poor

efficiency brought about by wet gas.

The use of blast furnace gas in engines, stoves and

boilers is briefly taken up, and then comes an impor-

tant section on burners. These burners are designed

to give as complete combustion of the gas as possible,

and flames of various shapes to suit operations in the

foundry. This section of the paper is illustrated with

drawings of the burners and photographs of the flames.

It is followed by a well-illustrated section on the use

of the gas in the foundry.

KLAST FURNACE GAS IN THE OPEN HEARTH.

Producer gas can be replaced by coke oven gas, or

better still, by a mixture of coke oven and blast fur-

nace gas. The mixture should be in such proportion

that the gas is from 179 to 213 B.t.u. The amount of

gas necessary for the operation, which depends on the

size of the furnace and the stage of the process, is

easily regulated by valves in the separate gas pipes.

Tests have been made at Friedrich-Wilhelms Hiitte

in Mulheim-on-the-Ruhr, and for over two and a half

years two acid furnaces of 12 to 15 tons have been

heated successfully. The process can be carried out

with blast furnace gas alone, but it takes so long that

the quality of the steel can easily be impaired. With

the use of the mixed gases, on the other hand, the

operation is not only quite as successful as with pro-

ducer gas, but is carried on more quickly and to better

advantage. A mixture of coke oven and blast furnace

gas in about the proportion of i to 4 is necessary, so

that the coke oven gas is added to the other before

coming to the reversing valve.

In Frederich-Wilhelms Hiitte the blast furnace gas

is brought from the furnaces in an elevated pipe line

23.6 in. in diameter; the coke oven gas comes in an

underground pipe line 9.8 in. in diameter. The ar-

rangement of the furnace and the size of ports and

checkers are the same as when using producer gas.

Details are given of the six test heats, illustrated by

diagrams.

In test No. 1 the mixture was in the ratio of i to 4
and the average heating value of the mixture was 213

B.t.u. per cu. ft. Its analysis gave 5.4 per cent CO,,

0.2 per cent O, 18 per cent CO, 28.5 per cent H.^ and

5.1 per cent CH^. Temperature measurements made

on the furnace after the charge was melted varied

between 1.774 and 1.900° C. These were taken with a

Wanner pyrometer through the middle door. Details

are also given, both for this and the other heats, of

the temperature and composition of the waste gases
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and the temperature of the heating gases, both taken

in the checkers. The analysis of the finished steel was

0.224 per cent C, 0.049 per cent S, 0.062 per cent P,

0.52 per cent 'Sin and 0.18 per cent Si.

In the second test the mixture of gases was in the

ratio of i to 4.5. The average heating value was 186.8

B.t.u., and the analysis gave 4.2 per cent CO^.. 0.8 per

cent O, 16 per cent CO, 29 per cent H, and 3 per cent

CH^. The analysis of the finished steel was very simi-

lar to the one given above, and the temperature of the

furnace varied from 1,640 to 1,900° C.

In the third test the mixture was again in the ratio

of I to 4. The analysis of the mixture gave 4.4 per

cent CO,, 0.6 per cent O, 15 per cent CO, 36.7 per

cent H2 and 4.2 per cent CH.,. The average heating

value was 199.3 B.t.u. The furnace temperatures

varied from 1,692 to 1.900° C, and the analysis of the

final steel was 0.28 per cent C, 0.053 Per cent S. 0.067

per cent P, 0.49 per cent Mn and 0.18 per cent Si.

The fourtli test was not continued long enough to

get the finished steel. Blast furnace gas alone was

used. Its analysis gave 8.8 per cent COo, 0.2 per cent

O, 31.0 per cent CO and 2.1 per cent Ho. The average

heating value was 112.3 B.t.u. The furnace tempera-

ture during the period of testing varied from 1,478 to

1,549° C.

The fifth test also did not last very long. The mix-

ture was in the ratio of i to 6.5. The average heating

value was 162.9 B.t.u., and the analysis gave 5.8 per

cent CO„, 0.6 per cent O, 19.2 per cent CO, 21.2 per

cent H„ and 2.3 per cent CH^. The furnace tanpera-

ture varied from 1,494 to 1,640° C.

In the last test the mixture was in the ratio of i to 3.

Its analysis gave 3 per cent CO,, 0.2 per cent Q, 11.2

per cent CO, 38.2 per cent H„ and 5.5 per cent CH^.

The average heating value was 224.7 Bt.u. The tem-

perature of the furnace increased to a maximum of

1,900° C. The analysis of the final steel is not given.

The samples of gas for analysis were taken about half

way through each test, and carefully analyzed with

the Orsat apparatus. They were taken just before

entering the reversing valve. The unusually low valve

for methane, compared with the hydrogen of the

mi.xed gas, can not be explained. The coke oven gas

had on the average 1.5 per cent CO,, 7 per cent CO.

42 per cent H, and 24 to 28 per cent CH^. The blast

furnace gas has been given already. The results of

analysis, however, cannot be questioned.

Blast furnace gas is also used with success to heat

an annealing furnace for steel castings. This furnace

is so arranged that blast furnace-coke oven mi.xed gas

or producer gas can be used.

The tapping spouts of the open hearth furnace« are

also heated with blast furnace gas.

The paper closes with a description of the way in

which blast furnace gas may be used in by-product

coke oven practice, thus setting free more of the rich

coke oven gas for lighting purposes.

THE EFFECT OF ORGANIC AND INORGAN-
IC "ADDITION AGENTS" UPON THE
ELECTRO-DEPOSITION OF COPPER
FROM ELECTROLYTES CON-
TAINING ARSENIC-

By CHING YU WEN AND EDWARD F. KERN.

In the electrolytic process for the refining of cop-

per many of the impurities, notably arsenic and anti-

mony, accumulate in the electrolyte, from which they

may be subsequently deposited upon the kathode,

causing the kathode copper to be nodular and brittle.

Arsenic, as has been well known, may accumulate up

to a certain more or less definite concentration before

it begins to contaminate the deposited copper. In

practice, then, it is of primary importance to keep the

electrolyte up to a certain degree of purity, which is

usually accomplished by withdrawing portions of the

electrolyte at intervals and replacing it with fresh

solution, the copper being recovered from the im-

pure solution by crystallization, or by electrolysis,

using insoluble anodes. This frequent replacement of

electrolyte, and the corresponding recovery of copper

from the impure solution, complicates the process of

refining and adds to its cost.

The formation of dendritic "trees," particularly

upon the edges of the kathodes, is a source of trouble

and expense to the refiner, for these "trees"' must

be removed by hand labor lest they short-circuit the

current.

The investigation here reviewed was carried out

with the two-fold object:

"First, to prevent the deposition of arsenic and

antimony upon the kathode, and, second, to prevent

the formation of dendritic 'trees.'
"

The problem was to produce solid and smooth de-

posits from copper electrolytes high in arsenic by the

aid of organic and inorganic "addition agents."

The literature shows that little investigation of "ad-

dition agents" has been made in the past. The

.authors review the work done upon the subject,

notably that of Kiliani,^ Barchers.- Hoffman^,

Wickes,'' Kern and Jarves^, and Forster and Seidel.''

Their results may be summarized as follows : The

per cent of arsenic deposited from solution is not a

junction of the potential difference between elec-

trodes*: "The junction of an addition agent in an

electrolyte is to maintain a reducing menstruum

around the kathode, which, in turn, causes the de-

posit to form denser and smoother.""' The deposits

formed in electrolytes containing alkali or alkaline

earth salts are generally smoother and less crystalline

than those from electrolvtes which do not contain

*A review of a paper presented at the twentieth, general meet-
ing of the American Electi-ochemical Societv in Toronto. Can-
ada, September 21-23. 1911 Abstracted by C. A. Tibbals.

iKiliani. Bersr and Hiittenniannisches Zeitung, 1SS5, p. 249.

=Borcher's "Electrolj-tic Smelting and Refining," p. 206.

=Hoffman. T. A. I. M. E. 34. 312 (1904).
'Thesis, School of Mines. Coh'mbia Univ.
^School of Mines Quarterly, 30, 119 (1909).
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those sails, the explanatory theory being that the good

deposit is due to the reducing effect of the alkali or

alkaline earth metal ions surrounding the kathode.'

The deposits formed at higher temperatures are moi"e

coarsely crystalline and show a higher tensile strength

than those formed at lower temperatures."

The materials, used in the various series of experi-

ments were as follows:

Copper anodes, 4>4" x 2-/^" x ^", containing about

1% As and i% Sb.

Pure sheet copper kathodes.

Electrolytes: A, 15% CoSo4, SH^O, and 10%
H.So,. B, i57c CoSo,, .Sh.X), 10% H.So^ and

lo'/r As as HgAsO^.

liy mixing A and B in varying proportions, six

solutions containing, respectively, 1.5%, 2%, 3%, 4%,
6% and 9>^, As were prepared.

The apjjaratus consisted in a battery of eight cells,

four in each of two water batteries kept at different

temperatures, the space between the electrodes and

the current density (40 amperes per sq. ft.) being

kept constant in all experiments. Circulation of elec-

trolyte was provided by mechanical stirrers. Most

of the runs were of 50 to 100 hours' duration, the

potential between electrodes being measured at two-

hour intervals.

A large number of experiments are described in

detail under the following headings

:

I. Electrolytes which contained no "addition

agents.'"

II. Electrolytes which contained inorganic "addi-

tion agents."

III. Electrolvtes which contained organic "addi-

tion agents."

IV. Electrolytes which coiUained organic and in-

organic "addition agents."

In each experiment, time, current density, poten-

tial, temperature, composition of electrolyte before

and after the run, and composition of anode and

kathode metal are stated, photographs of the kathodes

shown, and the physical properties of the deposited

copper described.

SUMMARY OF EXPERIMENT.S.

In the first series, wherein no "addition agents"

were employed, four runs were made. Electrolytes

containing from 1.5% to 87p of As were used, and

the effect of temperatures of from 20° C. to 60° C.

were noted. The results point to conclusions as

follows

:

When the electrolyte contains no "addition agent,"

large quantities of As and St are deposited with the

copper, and large trees form on the kathode, when

the percentage of As is from 1.5 to 4. When the

electrolyte contains from 6% to 8% of As, the As

act as "addition agent," especially at temperatures

of from 40° to 60°, the deposits being purer, brighter,

more dense and coherent and less brittle than when

"Zeit. f. Electrochem., 5, .50S (1S99).
•Trans. Am. Electrochem. Soc, 15, 472 (1909).

lower percentages of .Xs are present. In general, the

deposits were better at the higher than at the lower

temperatures.

In the second series, wherein inorganic "addition

agents" were used, solutions containing from i-S'/o

to 8% As were elcctrolyzed at various temperatures

and with addition of the following compounds : NaCl

(very small, and large quantities), HCl, Na^Soj (little

and much), AL(Soj)3, and AICI3. Small quantities

of sodium chloride, nitrate chlorate and borate were

also used as "addition agents" in electrolytes contain-

ing 1.5% As, and the resulting solutions run under

the same conditions.

In general, all of these salts have a good effect,

both as to purity and physical properties, upon the

deposited copper, even when large quantities of ar-

senic are present in the electrolyte.

Of all of them, sodium chloride (present to the

extent of 0.01%) is best, with hydrochloric acid,

cuprous and cupric chlorides, and sodium sulphate

following. .Aluminum sulphate has a markedly good

, effect as "addition agent." In general, the higher the

metal of the "addition agent" in the electro-chemical

series, the purer, smoother and less brittle the deposit.

The chemical behavior of the Na and the CI ion

in holding back the deposition of arsenic is discussed.

Each shows its good effect in that all the sodium salts

and all the chlorides tried improved the character of

the deposit. The fact that sodium chloride is the

best of inorganic "addition agents" is due to its yield-

ing both the Na ion and CI ion in solution.

In a third series the organic substances gelatin,

glue, tannin and peptone were used as "addition

agents," electrolytes like those used in the other ex-

periments being employed. The first three produced

a remarkably good effect upon the character of the

copper deposit, both chemically and physically, while

peptone has a bad influence upon the deposit.

Copper deposits formed when the electrolytes con-

tain both organic and inorganic "addition agents" are

all good. Those where the combination of gelatin

and sodium chloride is used are best, while the com-

binations glue and sodium chloride, and glue and

cuprous or cupric chloride show almost as good re-

sults upon the kathode copper. It is especially in-

teresting that, whereas peptone alone has a very bad

eft'ect upon the copper deposit, the combination of

peptone and sodium chloride makes an excellent "ad-

dition agent," the chlorine ion overcoming all the bad

effects of the peptone.

In general, the higher the temperature of the elec-

trolyte, the better the quality of the deposited copper,

and, of course, the lower the resistance of the electro-

lyte.

The authors conclude that the combination of

sodium chloride (0.01% CI) and gelatin (0.01% to

0.02%) is the best "addition agent" for copper sul-

phate electrolytes high in arsenic, for the copper de-

posited under these circumstances "possesses the

greatest purity and highest ductility."
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ELECTRIC FURNACE TREATMENT OF
NICKEL ORE. AND THE DEVELOPMENT

OF A COMMERCIAL PROCESS.*

By WALTER LEONARD MORRISON.

(A thesis presented to Case School of Applied Science for the
degree of Engrineer of Mines; read at the General Meeting of
the American Electrochemical Society, September, 1911.)

The thesis concerns attempts to treat, for profitable

extraction, the nickel ores of the Consolidated Nickel

Co. as found at their mine near Webster. N. C.

The nickel deposits occur in peridotite, for a con-

siderable area traversing the formation in veinlets and

intimately associated with other silicates of alumina,

iron and magnesia. An impure genthite is a form in

which the nickel is found to a considerable extent.

Hard Green Ore. Soft Green Ore. 2 Samples of Genthite.
NiO .... 1.90 8.10 16.60 17.84
SiO: .....34.00 42.00 49.89 55.38
MgO ...48.00 36.20 22.35 15.62
Al.Os ... 3.40 1.20 0.00 0.00

Fe^Oa ... 1.00 1.00 0.06 0.56

CnO, ... 1.70 2.10

H..O ....10.00 10.80 12..36 10.77

CoO . . 0.00 0.00

The ore deposit has been known for over 50 years,

and, although the amount available is very large, its

tenor in nickel will average only about 1.75%. Cop-

per and sulphur are absent from the deposit, but as

the nickel is found as silicate it is not susceptible to

water concentration, while all efforts at chemical ex-

traction or smelting have been commercial failures. As
better results might be expected with reduction in the

electric furnace, this was tried on a commercial scale,

producing a silicide of iron, nickel and chromium
which might be useful for improving the quality of

steel.

EXPIEIEIMEXTAL IXVESTIGATIOXS.

I. It was first attempted to reduce the nickel by
coke in a small gas furnace, at the same time volatiliz-

ing the nickel-carbonyl which would distill out of the

furnace. No reduction appeared to take place.

II. To reduce and partially fuse the ore in an arc

furnace, using coke and an inclined hearth, presented

itself as a method of some promise. The product

when concentrated on a table with water gave a high

nickel concentrate, but the electric furnace could not

be made to operate satisfactorily, and was also very

inefficient.

III. Several wet processes were tried ; sulphuric

acid on the roasted ore gave only fair extraction, with
cost too high

; heating with ammonium chloride instead

of coke and then leaching with acid proved no better

;

heating with salt and leaching gave no better result:

sodium sulphate acted the same, while chlorine gas,

either dry or wet, did not decompose the silicates.

IV. A laboratory electric furnace of the Borchers
tj'pe furnished results which agreed well with the

larger commercial furnace as to the amount of ore
which could be smelted and the metal to be obtained

from unit quantity of electricity.

•Abstracted by H. B. Piilsifer.

The first laboratory furnace used was too small for

successful experiments, although it would run well for

an hour or so. The shell was of sheet and angle

iron, the interior lined first with asbestos, then burned

lime, and the crucible itself cut out of a solid mass
of magnesite. This furnace had a capacity of 100

amperes at 50 volts.

The larger laboratory furnace later built also had
its shell of iron with angle irons and was 18 inches

each way. Inside the iron an asbestos lining came
first, and then fire brick. This left a crucible 13 inches

deep by 8 inches in diameter. A graphite electrode,

6 inches in diameter, extended up about half-way to

the bottom of the crucible, while coke, with pitch as

binder, completed the bottom.

With between 350 and 450 amperes at about 50 volts

this furnace treated 100 pounds of ore in 6 hours.

After starting the arc over a little coke, ore would be

fed in around the 2.5 inch movable electrode which

extended down through the fire-brick cover of the

furnace. It was found that tapping the furnace every

15 or 20 minutes gave the best results, for it obviated

freeze-ups and slags stickj^ with carbides. The fur-

nace becomes inefficient if run longer than necessary

to produce the end products, and accumulating much
metal in the bottom of the crucible raises the zone of

intense activity, w'ith consequent freezing of the metal.

The source of power was a gas engine made by the

Springfield Gas Engine Co., single cylinder. 4-cycle,

24-inch stroke, 40 h. p. A 60 kw. D. C. generator,

belt-connected, compound wound, supplied 480 am-

peres at 125 volts, but a high resistance introduced

into the shunt field lowered the voltage to between 50

and 60 as suitable for such a furnace.

The high magnesium in the ore caused some diffi-

culty at first, but it was later found that by mixing

the hard green ore with the brown variety, which was

high in iron and alumina, an excellent slag resulted.

Good working conditions gave slags within the fol-

lowing limits

:

Silica 40. to .50. per cent

.\Iuniina 30. to 20. per cent
Ferric oxide 2. to .5 per cent

Calcium oxide 3. to 10. per cent

Magnesia 20. to 15. per cent
Nickel oxide 4 to .8 per cent
Alkalies 4.6 to 8.7 per cent

There resulted considerable loss by volatilization,

both of nickel, alkalies and magnesia ; this amounted

to from 15 to 20 per cent of the ore.

Comparatively little of the iron enters the slag.

Most of it is reduced to metal and is useful in collect-

ing the nickel.

It was noticed that lime and carbon seemed to have

a particular effect on the breaking up of the silicates.

Calcium carbide probably liberating silicon is consid-

ered as possible ; on the other hand, too much carbide

in the slag forebodes an approaching freeze. This is

detected by the odor of acetylene about the cold slag.

The product of the smelting was always a silicide
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of iron ami nickel, willi ^umc alnniinum, calcium,

chroniinm and traces of magnesium.

-Metal froiii-

Brown Ore. Green Ore. Mi.xtures.

Nickel 11.00 21.80 13.70

Iron 56.80 51.20 53,90

Silicon 30.10 18.80 27.40

To obtain metal with less silicon always resulted in

a loss of more than 20 per cent of the nickel. This

alloy is insoluble in hydrochloric, nitric, sulphuric,

nitro-sulphuric acid and in aqua regia. It dissolves

readily in nitric to which a few drops of hydrofluoric

acid have been added.

y. The commercial smelter as built at the mine

consisted of two generators with the steam engine

in the power room, a boiler room, the furnace room

with the electric furnace, a concentrating room with

tables and ore bins.

Four 200 h. p. boilers supplied steam to the Hamil-

ton-Corliss type engine which drove the generators

with belts from a line shaft. The generators were

each of the duplex compound wound type, capacity

170 kw., 375 r. p. m., 501 volts and 3.500 amperes.

The electric furnace was of the type like one used

by Dr. Heroult at Sault Ste. Marie; a 1.5 inch ca.st

iron plate set on porcelain insulators formed the base,

iron rods extended up from this plate into a graphite-

glucose mass which graded into a coke-glucose mix-

ture for the bottom of the crucible. Five-eighths inch

iron plate, strengthened with angle iron, formed the

shell of the furnace. This was insulated from the

cast iron base. It contained the fire-brick walls of the

crucible and supported the cover of fire bricks clamped

together. A lining of coke proved best to resist the

chemical action about the walls of the crucible.

The electrode extended down through the cover

sections, being regulated with a hand wheel from the

floor. Built-up electrodes proved useless, and solid

graphite, end-spliced, gave very good results.

Much trouble resulted from no facility for drying

the ore. It made bad work in the furnace, hindered

the operatives, and decreased the efficiency by from

6 to 8 per cent.

RECORD OF FURNACE RUN OF DECEMBER 9, 1909.

Charge No. 1. Charge No. 2.

4 tons brown ore. 3 tons brown ore.

1.02 tons limestone. 0.6 ton limestone.

0.48 ton coke. 0.48 ton coke.

Moisture in ore, per cent 42.50

Total dry ore treated, pounds 8050

Net time of smelting, hours 45.75

Limestone used, pounds 3600

Coke used, pounds 1940

Power used, average kilowatts 170

Kilowatt hours used 7755

Kilowatt years used 0.896

Ore treated per kilowatt year 9000

Ore treated per kilowatt day 24.7

Nickel silicide obtained 1242

Per cent of nickel in alloy 11.90

Silicide obtained per kilowatt year, pounds 1380

Silicide obtained per kilowatt day, pounds 3.8

0PER.\TING COST PER 24 HOURS.

1 superintendent $ 10.00

1 assistant 2.50

2 oilers at $1.80 3.60

2 foremen at $2.40 4.80

2 assistant firemen at $1.80 3.60

2 head furnacemen at $2.50 5.00
4 assistant furnacemen at $1.80 7.20

2 miners at $1.50 3.00
1 blacksmith 2.00

1 time keeper 2.00
Coal, 18 tons, at $4.50 81.00
Machine oil 4.00
Electrodes 9.10
Flux and coke ,3.00

$140.80

Other runs were often better than this one given

for December, and, as this average power cost is $270
per kw. year for partial load only, it is figured that

the cost for power should be only $206 per kw. year

under full load. It is also stated that the cost of

hydro-electric power is only 14% of what this steam-

generated power costs.

From the experience gained at this plant the author

designs an electric crucible furnace which should

work much better and more efficiently. Dryers are

also proposed. Plans are given and some details as

to cost of a 100-ton plant. The total estimated cost of

such a plant is given as $280,540. At a daily ex-

pense of $885, 15 tons of silicide should be produced.

This makes the cost per ton $59.00.

The general conclusion is that a newly designed,

larger, and thoroughly efficient plant will be required

to make the exploitation of this mine a commercial

success.

According to a report of the Ontario Provincial

Bureau of Mines, the output of natural gas for the

Province for 1909 was valued at $1,188,179, while in

1910 the value of the gas produced rose to $1,491,239,

representing 7,263,427 thousand feet, worth an aver-

age of 20.5 cts. per 1,000 cu. ft. So far the western

peninsula of Ontario has been the only section of the

Province to yield a sufficient amount of gas to make

the drilling of gas wells profitable. The older wells

have been increasing the output, and a new field in

the county of Elgin is under development. In the

gas-producing region, which lies on the north and east

shores of Lake Erie, the productive area has been

steadily expanding. New districts are continually be-

ing developed, and it now appears likely that the whole

of the Ontario side of Lake Erie will eventually prove

productive gas territory. The three great producing

fields are in Welland County, in Haldimand and Nor-

folk Counties, and in Essex and Kent Counties. The

Essex-Kent fields had a considerable preponderance

in yield, producing last year 3,841,234 thousand cubic

feet. The Haldimand-Xorfolk wells gave more than

1,000.000 thousand cubic feet less, and the Welland

field about 2,000,000 thousand cubic feet less. The

three fields have 828 wells, 982 miles of pipe, and em-

ploy 186 workmen, who were paid $118,785. The

greater yield of the Kent-Essex wells is apparent

when it is considered that the Kent-Essex has but 47

wells, while Welland has 337 wells and Haldimand-

Xorfolk 444 wells.
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CASE HARDENING OF STEEL.

A new process for the case hardening of steel and

the results obtained from its use were described in a

paper read at the October meeting of the Iron and

Steel Institute at London, England. A recent issue of

The Iron Age contains the following matter from the

above paper:

The type of furnace which experience has proved

to be best adapted to the case-hardening of small and

medium-sized objects with the mixed case-hardening

agent (granular carbon and carburizing gas) consists

of C3'lindrical muffles arranged vertically and heated

by producer gas. It is a double-muffle furnace pro-

vided with regenerators, of the kind constructed by

C. M. Stein, of Paris, for the Sampierdarena Engi-

neering Works, of G. Ansaldo, Armstrong & Co.

The parts of the apparatus particularly applied to

the case-hardening process are represented in the

drawing, which shows a section through the center of

the vertical muffles of the furnace with the accessory

apparatus completely mounted. Inside each of the

muffles of refractory material is placed a cylindrical

retort of mild steel. A, the external diameter of which

is about 0.4 to 0.8 in. less than the internal diameter of

the muffle. Mannesmann seamless tubes ser\-e very

well for making the retorts, as they are easily obtain-

able in stock sizes up to 14 in. diameter. For retorts

of larger diameter, as in the case of the furnace here

represented, tubes welded by the autogenous process

are used.

The retort is supported on a bottom flange attached

to a frame fixed to the brickwork of the furnace. The
arrangement which serves to hold the retort, whether

it is being supported by the bottom flange or by the

upper flange, H, intended to receive the cover, is such

as to enable one retort to be replaced by another in a

few minutes. To the bottom flange is attached a cast-

iron funnel, B, closed at the bottom by a non-return

valve O.

The steel nozzle C, admitting the carburizing gas,

passes through an opening in the side of the funnel,

provided with a good-sized boss. The gas, which, as

has been previously stated, may consist of carbon

monoxide or dioxide, in a pure state or mixed with

other gases, is introduced through the screwed tube D,

and through the nozzle C. This latter is connected to

the hollow cast-steel dish E, intended to support the

pieces to be case-hardened by means of the disk F,

consisting of a steel plate covered with refractory

material.

The carbon monoxide, after passing through the

hole bored axially in the nozzle C, is delivered into

a small distributing device placed inside the dish E.

from which it passes to the case-hardening chamber A,

through a number of holes provided in the disk F.

During case-hardening the dish E is supported upon a

series of projections on the same lower flange to which
the funnel B is attached. This ring has thus to sustain

the entire weight of the dish E. the disk F, and any

articles to be case-hardened which may be resting

directly on the disk.

In the case of spur wheels, the maximum diameter

of which might be 4 to 6 in. less than the internal

diameter of the retort, the first thing to be done is

to unscrew the tube D; then by means of the plunger

L, actuated by the hydraulic cylinder I, the whole of

the parts C, E and F are lifted together, the blunt

conical end of the plunger engaging with these as it

' \^y~

; i^-jj,V',*-VV "

Fig. 1—Section of Vertical Case Hardening Furnace.

rises. The plunger is cooled internally with water

circulation, to avoid heating it in case it should

accidentally remain raised inside the retort for too

long a period. When the piston has reached the end

of its stroke, the upper surface of the disk being now
only about 12 in. below the cover of the retort, the

cover is removed, and the wheels to be case-hardened

are piled horizontally one on top of the other upon

the disk. As the wheels are inserted one by one. the

apparatus carrying the weighted portions gradually

sinks, and the charge is complete when the apparatus

has reached the lowest position indicated in the figure.

In that position the last wheel charged would be at

least 12 in. below the upper edge of the retort.



Deconiher. 1911. THE CHEMICAL ENGINEER 521

Generally, ilic articles to be case-hardened are

charged hot at a temperature of about 1.500 to 1,650''

F., this being a matter of ])rime impoiiaiice, as it

affects most favorably both tlic quality of the product

and the economy and regularity of the operation, l-'or

the preliminary heating of the pieces a small coal-lired

nuifilc will serve, since the uniformity of temperature

which can be obtained in such a furnace is quite

sufficient for the purpose. 1 f , liowever, the case-hard-

ening furnace is not being worked to its fullest capac-

ity, one of the vertical muffles may be used for the

]>reliminary heating of the articles, while the case-

hardening of the charge is proceeding in the other.

In that case the best method of working the furnace

is to use the muffles alternately, the one for case-

hardening and the other for pre-heating the pieces.

As soon as the articles to be case-hardened liave

been inserted as described, the cover is placed on the

retort and the bottom discharge pipe N, leading from

the iron bo.x O, is passed through the central opening

in the cover. This box is full of the granular carbon

still hot (generally at about 1,650° P.), which was

discharged from the retort after use during the case-

hardening operation last concluded. The box is easily

swung above the muffles, being suspended by a tackle

from a swinging arm. The outer walls of the box,

notwithstanding that its contents of granular carbon are

at a temperature of about 1.800" F.. do not become

heated above 400 to 500° F. during the time retjuired

for the loading and unloading of the retort, even

when working under the most unfavorable conditions.

The box O having been adjusted as indicated, the

butterfly valve which closes the lower end of the open-

ing X is gradually opened, and in a few seconds the

whole of the free space in the retort surrounding the

pieces is tilled with glowing granular carbon. The

author has previously pointed out that the hot granular

carbon employed by him for case-hardening with his

mixed medium constitutes a mass which, particularly

at high temperatures, is endowed with a mobility

comparable to that of a liquid. On this account it is

able to penetrate simply by its own weight into all

crevices among the articles to be case-hardened, and

between these and the walls of the retort. The filling

up may be further assisted by means of iron rods

introduced through holes in the cover and manipulated

by the operator who stands on the furnace.

When the granular carbon has been filled in up to a

level of •;4 or i in. below the upper edge of the retort

the butterfly valve of the tube N is closed, the box O
is lifted, the central opening of the cover is closed,

the plunger L is lowered and the tube D is screwed

into the nozzle C, through which the carbon monoxide

or dioxide, pure or mi.xed with air, is admitted grad-

ually to the distributor E and thence into the retort.

Tn order to regulate the current of carbon monoxide

an ordinary gas meter of the dry type is used. The

case-hardening then proceeds without further trouble,

the only thing that is necessary to be watched and

regulated being the current of gas and the temperature.

I'or the observation of the temperature, an operation

which, with the type of furnace described and when
adjusted properly, does not often require to be made,

an ordinary thermo-electric pyromieter is used by

passing it through any one of the holes in the cover

from time to time and inserting it into various parts

of the mass of granular carbon. The temperature

should be maintained quite constantly at a fixed point

between 1,650 and 2,000° F.

The gas issuing from the retort through the pipe

fixed in the cover can be collected in a gasometer, and

after suitable regeneration it will serve for further

heats. The necessary length of the heating period can

be determined with the greatest precision, and is

dependent on the result which it is required to obtain.

When the heating has proceeded long enough the cur-

rent of carbon monoxide is shut off, the tube D is

removed and the discharge of the retort is undertaken.

Where results of a very special nature are not aimed

at, the discharging operation begins by withdrawing

the whole of the granular carbon at once, and removing

it through the non-return valve Q in the box O, now
placed underneath.

Where, however, exceptionally graduated case-

hardening is required the specific action of the carbon

monoxide is isolated during the last phase of the case-

hardening from the direct action of the granular

carbon. A quantity of the granulated carbon is drawn

out from the retort. Only those parts of the case-

hardened pieces are uncovered in which a well-

graduated case-hardening is required. Sufficient solid

carbon is retained in the retort to ensure the desired

chemical equilibrium of the gas. The remainder of the

carbon is removed from the retort after the second

phase of the case-hardening with isolated carbon

monoxide has proceeded long enough to attain the

desired results.

In almost all cases occurring in the practical produc-

tion of case-hardened pieces for machine construction,

hi which the carburized zone is seldom required to

exceed 0.08 in. in thickness, the period of case-harden-

ing never exceeds 2 hours, and may even be reduced to

I hour, the time being reckoned from the moment of

completing the charging operation to that at which

discharging begins. It therefore includes the time

necessary for bringing the temperature up to working

point, which required not more than 10 inin., owing to

the fact that both the solid carbon and the pieces are

already hot when charged.

The foregoing particulars show that in practice,

under ordinary working conditions, the time for a

complete heat is less than 2^2 hours, and since the

weight of a charge, which retorts of the size shown in

the accompanying sketch can conveniently hold, varies

from a minimum of 220 lbs. in exceptionally un-

favorable cases to a maximum of over 1,100 lbs., it will

be seen that the productive capacity of each retort

ranges from a minimum of i ton to a maximum of 5

tons of case-hardened steel jjieces per 24 hours.
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The furnace with vertical muffles has distinct ad-

vantages in the speed of working for a given charge,

simpHcity of operating, and in the uniformity of the

treatment of all the pieces forming the charge in the

muffle. The clearance spaces left in the retort are

reduced to a minimum.

described. The material used was an ordinary mild

steel of the following composition: Carbon, 0.12 per

cent ; silicon, 0.06 per cent ; manganese, 0.47 per cent

;

sulphur, 0.02 per cent
;
phosphorus, 0.03 per cent.

(A) CASE HARDEXING _FOR 10 HOURS AT 2,000° F. WITH THE
The numerical data contained in the three tables

relating to the first series are graphically represented
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sulphur, 0.02 per cent; phosphorus, 0.015 P^^ cent;

chromium, 1.50 per cent; nickel, 3.17 per cent.

The numerical data contained in the three last

tables, relating to the second series, are graphically

represented in Fig. 3.

The principal causes of brittleness and peeling,

which always occur in a greater or less degree in steels

VANADIUM IN NEW MEXICO.

^^^>

WyZ>yz

Fig. 2—Diagram Showing Effect of Case Hardening.

case hardened by the ordinary process, are excessive

concentration of carbon in the superficial zones of the

case-hardened pieces, and the rapid diminution of the

carbon in passing to the deeper layers. The ability

to alter the form of the curves of case-hardening, as

Fig. 3—Diagram Showing Effect of Case Hardening.

shown in the diagrams, suggests that case-hardening

can also be successfully applied to those special steels

on the exterior of which the ordinary process of case-

hardening yields carburized zones, which are prac-

tically useless on account of their excessive brittleness.

An important factor in the development of gas heat-

ing in the Sheffield. England, trades has been the

cheapness in the local supply of that commodity. For

industrial purposes the manufacturers can, in fact,

command the cheapest gas in the country. For en-

gines the price is only 22 cts. per 1,000 cu. ft., and for

other purposes 30 cts., with a reduction to 26 cts. if

the annual consumption exceeds 500,000 cu. ft. Any

consumption exceeding the latter total is charged at

22 cts.

In 1884, F. i\r. Endlich, manager of the Lake Valley

mines, which lie in the southwestern portion of Sierra

county. New Mexico, and were famous producers of

silver ore to the value of over $14,000,000, discovered

in the lead ore of these properties, small yellow crystals

which upon examination proved to consist of lead,

arsenic, vanadium and oxygen. In honor of the dis-

coverer, states Brigham Leatherbee in The Mining

Magazine, this combination was named Endlichite, and

has been so classed by Dana and subsequent mineral-

ogists. During 1896 or 1897, William F. Hall dis-

covered the same variety of vanadium ore in the lead

and silver mines he was operating about twenty miles

north of Lake Valley, and which have since become

the property of the Vanadium Queen Mining Co. As

there was no commercial demand for vanadium at that

time, Mr. Hall preserved only the finest crystals, which

he sent as specimens to a large mineral company in

Philadelphia, by whom they were distributed to the

various public and private mineral collections through-

out Europe and America.

During the winter of 1909, vanadium was discovered

on the properties of the Southwestern Lead & Coal

Co. on the eastern slope of the Sierra de los Caballos,

across the Rio Grande and 40 miles east of the other

deposits. This property was then taken over by the

Vanadium Mines Co., which is now operating it. The

property of the Vanadium Queen Mining Company is

situated in the Las Animas district, which has here-

tofore been considered a gold district, as but little else

has been worked here, although some silver, lead and

manganese have been mined. The total gold produc-

tion from both quartz lodes and placer workings is

recorded at over $9,000,000. The vanadium ore oc-

curs in a well defined contact vein, between the shale

and lime, which shows numerous outcrops for over

three miles ; a number of prospecting .shafts, open-cuts

and tunnels indicate that there is a continuous ore

body for this entire distance. The vanadium is found

in different combinations, endlichite and vanadinite

predominating, and the assays run from 3.25 to 99 per

cent in metallic vanadium. So far the management

has devoted its entire attention to prospecting along

the vein and to opening up the most promising por-

tions, with the intention of having the ore well blocked

out before commencing actual operations. In the

meantime, constant experiments upon the treatment

and reduction of ores have been under way in various

metallurgical laboratories, and it is presumed that

shortlv the first unit of an experimental plant will be

installed upon these properties.

The Vanadium Mines Co. controls two fissure veins

of vanadium-bearing ore, one of which has been pros-

pected by a 50 ft. shaft, while the other has been more

extensively developed and now has the main shaft

down below 200 ft. with various levels. The ore is

hauled from the mine to the old concentrating mill of
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the defunct coal company, which mill has been en- and middle of the combustion chambers by 4 dampers.

larged by a set of Cornish rolls and some new van- When the proper distribution is obtained the main

ners and slime tables. This concentration is being per- stack damper controls the heats. All the firebrick ma-

formed as experimental work, the foundations having terial. with the exception of 3 retorts, was made in

been laid for a new and permanent plant to be equipped this country. The 3 retorts are machine made and ini-

with the latest patterns of the best machinery, as soon ported from England.

as the type of equipment best suited for the ore has The bench was completed about September i. 1909,

been selected. After concentration, the concentrate, and was operated until February i. 1910, the greater

which assays about 8.632 per cent vanadium and 59 part of the time in conjunction with the old benches,

per cent lead, is transported by mule teams to Cutter, The bench was not protected from the weather until

where a large oxide plant has been erected on the late in the winter and the coal available was taken di-

Santa Fe railway. The product from this plant is rectly from the cars in a more or less unsatisfactory

shipped to Rankin, Pa., where it is made into ferro- condition at times. In November it was possible to

vanadium alloy. shut down the horizontal benches for 10 days, during

Prospecting is being done elsewhere in the county which time the following average results were obtained

for vanadium and there are many rumors afloat re- from Youghiogheny coal

:

garding the discovery of valuable deposits. Coal used, pounds 20,151.00

Coke made, pounds 14.841.00

Gas made, culiic feet 108,637.00

AN EXPERIMENT WITH VERTICAL RE- Generator fuel, pounds 3,598.00

,^^T^^^ -^^-r-, ^^.-r ^.^ i./r>i..TTT 1 icld gas per pound coal 5.39
TORTS FOR COAL GAS MANU- Coke jeild per cent coal T3.6

FACTURE..* Generator fuel per pounds coal 17.89

Generator fuel per cent coke made.... "24.30

Candle power on Sugg ,\rgand, D 14.47

A bench of vertical retorts has been installed at the K. T U 's gross 609.00

^ . . , ,,. , ^ . , ,-, ,
Candle feet ii.91

La Grange Station ol the \\ estern L nited das and
, r , , - , ,

„, . °
,. , ,,, ihe coal feedmo- drums were tound to be unsatis-

Electnc Co. ot Aurora, 111. . , .' , .,,,,.,
,, T c- T^ TT . . -1 ^1 x- 11

tactorv and cast iron hoppers with seli-sealmg doors
Mr. |. S. De Hart describes the same as tollows

:

'
, ,

rr. \ , , r , , r^ , , were substituted.
The bench consists of 4 retorts, 25 ft. long, oval in ...

, . ^ ,
... 1 hese proved verv simple to operate and gave no

section, 9 ins. bv 21 ins. at the top, 20 ins. bv 29 ins.
, ,

"^ - '^ '
^

, ,' , , , • , ' .. trouble,
at the bottom, heated bv a producer with twin grates ^, , , , •, , , , ,

, ^ . , . , , ,, ^ , , 1 1 » Ihe high volatile coal used developed a tendencv to
and twin charging holes, all supported on steel plat-

, .
, , , ,

'

f ,^ ," ' J 1-1 .1 • bridge at the top of the retort.
form, 10 ft. above grade. The upper mouthpieces are t- • i- , , r „
^^^ , .^, X j: J- J 1 ,. J ,.

Experiments indicated a yield of 7 lbs. of ammonia
fitted with separate feeding drums, each operated at a

, ^ , r r , , ,

, , ^, ^ ^ r 11 r I T-i 1
a'ld i4'/2 gals, of tar per ton of coal carbonized,

speed to keep the retorts full of coal. ihe lower ^ "^ '

mouthpieces of each retort are fitted with a coke ex-
"

tractor and revolving drum. The speed of the coke ex- According to the Londun Times a British oxygen

tractor controls the carbonization in each retort. The company has decided to erect an oxygen factory in

coal feeding drums make a ^ revolution a minute, the Sheffield, w'here it is considered the growing demand
coke extractors make a % revolution an hour and the for oxygen in connection with metal cutting warrants

drums discharge 4 times an hour. this extension. ^M^en the Sheffield plant is completed

The bench is located at one end of the retort house the company, which in 1908 had only three factories

and is run in connection with horizonta'l benches, or (London, Birmingham and Manchester), will possess

alone, as the gas supply will allow. Retort house gov- eight factories in the United Kingdom, all situated in

ernors control the pressure for each system. Coal is centers where the demand for oxygen is important

—

passed through a small crusher and is raised by an at London (Westminster and Greenwich), Birming-

elevator to a 24-hour storage bin above the retorts, ham, Cardiff, Manchester, Sheffield, Newcastle and
The coke is taken away from the bench in wheelbar- Glasgow. These extensions are entirely due to the

rows. A small vertical engine runs the coal feeding demand for cheap oxygen in connection with oxy-

drums and extractors. acetylene welding and oxygen metal cutting. In view
The heating of the bench is very simple. .\11 the of the heavy freight charges on gas cylinders con-

producer gas goes directly to tlie f»p of the combustion veyed by Tail, it is obvious that local sources of supply

chambers, where it is distributed by 4 dampers. The must tend to reduce the price of oxygen to the con-

furnaces have angle iron grate bars and step grates sumer. .^11 the company's plants are of the modern
for the supply of water; but, in addition to the above, liquid-air type, producing oxygen of a high degree of

steam is used and measured by disks and regulating purity, and when the Sheffield plant is in operation

valve. The furnaces are cleaned once each 48 hours their total output will be about 300.000 cu. ft. a day.

and are i)ractically free from clinkers. Secondary air This supply is largely in excess of the present demand.
])asses through a recuperator in the back wall of the but it is anticipated that this quantity ma>- ultimately

bench. across the bottom, and is distributed to the top be required if the use of oxygen for metal cutting cx-

•Fiom "I^ight-Heat-Power.- tends.
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The CHEMICAL ENGINEER ^^^^ existence ot beds of potash soils in the Laramie
basin in southern Wyoming is logical, but the data

at hand which are fairly complete prove to be chiefly

of negative character, so far as revealing any un-

usual amounts of potash is concerned.

Basing their next investigations on the early geolog-

ical work of Gilbert and Russell who describe in de-

tail the lakes, Bonneville and Lahontan, they next

started drilling in Nevada. These operations com-

menced early in October and the well thus far has

reached a depth of a little over 300 feet. Thus far

evidence of saline deposits has not been discovered,

„^.™„.,_^ but it is expected that they will continue drilling untilCONTENTS.
1 , r ,
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velopment of a Commercial Process 518 ler of nearly or even greater importance is the ques-
Case Hardening of Steel 520 tj^n ^f j^e facilities available for the study and solu-
V anadnim in New Mexico o2.i ... •^

\n Experiment with Vertical Retorts for Coal Gas Man- tion of these industrial problems. Industrial research

xot« m!d'comments' ::;:::::::;:;:;:;:::::::::;::::;::M '^ *^ ^'^^^ ^""''^ principle upon which we develop

_^___^_^_____^__^__ our manufacturing and engineering industries. The
results of this research must not only precede the

NOTES AND COMMENTS.
, establishment of manufacturing enterprises but such

study must continue to accompany, supervise and di-

Potash in the United States. rect any manufacturing operations which assume to

The L'. S. Geological Survey has recently issued a be intelligently managed."

short report on tfie subject of potash deposits in this Then after commenting on the fact that many plants

country. The material contained in this report has vvill operate for a time with makeshift methods and
been read with considerable interest by .American unscientific management but that they are finally over-

manufacturers, as all of them are very anxious to taken in their errors and forced out by their more
secure a supply other than that at present available progressive rivals, the author proceeds to say

:

only in Germany. "There are times when the whole future of a busi-

The Geological Survey has no very definite in for- ness depends upon selecting the right process, method
ination to give as to deposits in this country. Their or machine to prepare a piece of work. Some man-
field work thus far has consisted in tabulating data agers. however, will be contented under such a stress

already available as to previous investigations and to render a snap decision. Others will make a few
possibilities of deposits. They mention five general cut and try experiments, others will spend much
sources which will probably receive investigation be- money to find out what the other fellow is doing or

fore their work is completed. Of these five the only using or send a man to Europe to pick up a few
one which seems to be of any particular importance is ideas.''

saline deposits which may be found in the arid lands It is seen by a close survey of the chemical indus-

of the West, and it is this source which has received tries of this country that the firms who have been

the bulk of their time thus far. They report that their successful have not been firms which dei)end on this

early investigations indicated that the assumption of method of solving their problems. There is practically
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no large manufacturing compan)' in this country that

has been uniformly successful and which does not

maintain a department for industrial research. The

fact that much equipment must be provided by each

of these firms and that much of the work done by one

is duplicated in that done by another, brings out very

clearly the saving in time and energy which would

come if we had some well equipped central research

body which could investigate at least all of the funda-

mental problems and put the reports before manufac-

turers in such a way that they would be available for

all. The author of the article to which we have

referred makes this comment

:

"A great scholar once said to me that he did not

see why it takes so much expensive apparatus and

equipment to do chemical research work now when

some of the most brilliant work in former years have

been done with cigar bo.xes and a few glass bottles

and other wholly inexpensive appliances."

The comparison is well made between the early

mining methods when it was possible for any one

familiar with the geology of a country to go out and

after sufficient investigation locate a profitable min-

ing plain, but when the field has been well covered it

takes much time, labor and money to discover a min-

ing plain which is profitable and which is yet open to

be taken. The same condition prevails in chemical

mdu<^tries. In the early days, it was possible to use

very crude methods and to use very crude apparatus

to make discoveries of considerable importance, but

at present when the field has been thoroughly pros-

pected it takes an outlay of time, money and brains

to evolve anything new or to introduce any improve-

ments in old processes.

"The laboratory requirements for industrial study

are no more exacting, expensive or difficult to develop

than those of mechanical, electric or metallurgical

engineering laboratories and those of the other en-

gineering subjects. It seems to me that we chemists

have not developed our facilities while other engineers

have kept pace with the advancement of their respec-

tive industries."

The writer then gives his experience in visiting vari-

ous engineering laboratories in Europe and contrasts

the equipment found in the other branches of engi-

neering with that found devoted to the instruction of

chemical engineering. He could also have extended

this observation to the schools in this country, with

the same result. There are many schools having first

class equipment for instructional work in other engi-

neering subjects while there are practically none with

anything worthy of the name of laboratory equipment

for chemical engineering. If the profession of chem-

ical engineering is to advance in this country, we must
have increased facilities for carrying on experimental

wort in industrial chemical problems. As the author

of the editorial in question has well said

:

"Laboratories dissolve problems and establish facts

not from the standpoint of fundamental theories and

principles involved which presumably have been estab-

lished by the test-tube and beaker method but to solve

problems from the standpoint of their proposed ap-

plication,"

Six kinds of seaweed are used in the construction

of Japanese isinglass, or agar-agar, the method of man-
ufacture being described as follows in a recent U. S.

Consular report : The seaweed is first crushed, each

kind separately, to remove shells or other adhering

matter, and then washed clean with water. The
washed seaweed is placed on a mat and dried until its

color becomes white by the action of the sun, frost,

and dew. This operation takes place during Septem-

ber and October, and when bleached the weight of the

seaweed is decreased nearly one-half. After bleach-

ing, the six kinds of seaweed—in the proportion of

Izu, 4: Egokusa, 4; Mi.saki, 3: Hirakusa, 3; Nanbu,

4 :
and Onikusa, 2—are all put together in a boiler and

cooked for about 14 hours, until they have become
soluble. The liquid is then strained through a sack

and a box with a bamboo sieve on one side, from

which it runs into a container, l-'rom the container

the liquid is ladled into trays about 3J4 feet long and

3 inches deep. After remaining in the travs about

12 hours these are placed on a low stand, and the

isinglass is cut into strips 3 inches wide and 14 inches

long, with a knife and ruler. These strips are then

juit into a long closed wooden box ( the ends of which

are 3 inches square, one end being open and one filled

in with a wire sieve) and pushed through the sieve

end ill the form of long fine strips. The isinglass is

then placed on a low stand, which is covered with a

clean mat, and dried in the sun during the day and

frozen during the night for two or three weeks dur-

ing January and February, being watered at midnight.

The quality of the isinglass depends upon the weather

during this time, the best being made when it is clear

and cold, the poorest when it is warm and rainy.

AMien the isinglass is bleached sufficiently, it is com-

pressed and packed in Japanese matting tied with a

straw rope.
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